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PROPOSED LOADING FOR HIGHWAY BRIDGES 


This paper discussion highway bridge loads with proposed new 
loading system for use highway bridge design. 

During 1921, the writer was engaged developing set designs 
way bridges suitable carry heavy modern traffic. The study the live load 
used these designs the basis this paper. 


DEVELOPMENT 


was decided confine this study load 20-ton trucks. State 
specifications 20-ton truck loads were studied, and were found mainly 
specify sliding scale uniform loads for the trusses and girders, but for 
the floor system and hangers the trusses, the actual truck loads were 
used. common uniform load for the trusses was 100 lb. per sq. ft. for spans 
100 ft., per sq. ft. for spans more than 200 ft., and proportionate 
loads for intermediate spans. 

was felt that, although this loading may for long spans. 
the constant load per sq. ft. for all spans 100 ft. was hardly suf- 
ficient when with the 20-ton truck the floor. order examine 
this point thoroughly the equivalent uniform loads, for both moment and shear, 
for 20-ton truck, were computed and plotted Fig. This diagram 
shows very high values uniform loads for short spans, which 
diminish the span increases, until they equal 100 lb. per sq. ft. spans 
between and ft. Further study developed the results shown 
which gives the span lengths which uniform load 100 lb. per ft., 
covering the width truck, will cause the same shear and moment 
various points single 20-ton truck. 

Thus, single 20-ton truck standing the center bridge will give 
greater shear the center than uniform load 100 per sq. ft., over 
10-ft. width for all spans 152 ft., or, for all spans 152 ft., two 20- 
ton trucks, standing side side the center span, with 20-ft. road- 
way, will give greater shear the center than 100 per sq. ft. over the 
entire width roadway. 


paper issued the date set for presentation and discussion. Cor- 
Tespondence invited and may sent mail the Secretary. Discussion the paper 
Will closed November, and, when finally the paper, with discussion full, 


Asst. Engr., American Bridge Co., New York City. 
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TABLE 1—A Comparison THE 20-Ton Truck Fic. 


Span length, feet, 


Span length, feet, 
for equal shears. 


Point span. for equal moments. 
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The equivalent uniform load value for single truck decreases rapidly 
the span increases, shown Fig. order illustrate the effect 
several trucks the bridge the same time, computations were made 
maximum moment and shear for line trucks ft., center center 
adjacent trucks, any number trucks being used and placed the most 
unfavorable position the spans, and these results were plotted Fig. 
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The curves for this load coincide with those for the single truck load point 
which the additional trucks add their load, where they leave the curves for 
the single truck and tend flatten out about lb. per sq. ft. The reason 
for this that lb. the square-foot equivalent load for 20-ton truck over 
width ft. and length ft. These curves (Fig. show large 
difference value between end shear and maximum moment for any span, 
whereas the difference between the maximum moment and shear any 
intermediate point even greater. This true any system concentrated 
loads that are spaced far apart. evident, therefore, that single uniform 
load cannot equal any multiple truck loading for all moments and shears 
span—either the web members will over-stressed, the chord members will 
under-stressed, both which result unbalanced and uneconomical 
design. 

correct this serious defect the old uniform load several different 
loading systems were tried. attempt was made modify the uniform load 
system adopting heavy load—comparable the equivalent uniform load 
for single truck—for span ft., decreasing broken line which 
would approximate closely possible the multiple-truck load. This type 
loading was considered improvement over the old uniform loading. 

study was made loading consisting fixed amount per linear 
foot for each line traffic accommodated bridge, using sliding scale 
loads similar the modified uniform load just mentioned. Considered the 
basis pounds per square foot roadway, this type loading has little 
practical difference from the modified uniform load system. 

both the preceding systems, attempt was made means system 
uniform loads match closely possible the equivalent uniform loads 
the actual trucks. doing so, was necessary assign single uniform 
load for use computing both shear and moments, which, previously 
demonstrated, results both unbalanced and uneconomical design. 

became more and more evident that, order obtain the most uniform 
results, the actual wheel loads the trucks themselves should used the 
loading system, and was finally decided so. system loads which 
the truck concentrations are followed uniform load was considered 
being the most satisfactory form, and system this kind was used the 
immediate work hand. 


CLASS T-20 TRUCK LOADING. 


Clearance 


720 Ib. per lin. ft. 


Since that work was completed, further study highway bridge loadings 
has been made, and valuable criticism has been received, the end that some 
changes have been made the loading originally developed, without alter- 
ing its character. The proposed loading shown This loading 
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for 20-ton trucks and called “Class T-20 Truck Loading.” based 
line traffic ft. wide, shown. bridge will accommodate many 
these lines traffic the width roadway will permit. 

Some explanation this loading necessary. The width ft. based 
the practice highway engineers building paved roads accommodate 
two lines traffic with width ft. Two trucks will readily pass 
bridge with 18-ft. roadway. 

The uniform load following the truck concentrations equivalent 
per sq. which seems sufficient from study Figs. and 
load per sq. ft. has been recommended the Committee Iron and 
Steel Structures the American Railway Engineering Association its 
proposed General Specifications for Steel Highway Bridges.* 

The concentrations used are for single truck. Although there are many 
20-ton trucks the roads, the tendency State control traffic limit 
the maximum truck load somewhat less than tons, which means that the 
major part traffic will made trucks less than tons. the 
major part the traffic were 20-ton trucks, would necessary adopt 
loading that would satisfy this condition, and either use two more trucks 
followed uniform load, one truck followed very heavy uniform 
load. was not considered necessary meet this condition, however, and 
the present loading submitted amply providing for the normal require- 
ments present-day traffic, and the probable requirements future 

Objection might perhaps raised any departure from simple uniform 
load for highway bridges the ground difficulty application. There 
should objection for that reason another type load stands analysis 
better than the uniform load. The different loading systems should rated 
their merits. However, for actual use, proposed compile shear and 
moment tables for line traffic ft. wide for T-10 loading, for various 
panel and span lengths, similar tables that have been made for the railroad 
loadings, E-10 and M-10, presented the Special Committee Specifica- 
tions for Bridge Design and Construction the The tabulated 
moments and shears could then multiplied obtain values for T-20 
loading, simple factor obtain such values for any other desired 
T-loading, for traffic lane ft. wide. This will simplify the application 
this loading system that will easy use the uniform loading 
system. regretted that lack time prevents the writer from submitting 
complete moment and shear tables with this paper. 

For the application this system loads different classes bridges, 
the following proposed: 


Class Bridge. Live load. 
Class for bridges carrying city and 
Class for bridges carrying secondary highway traffic. T-17.5 
Class for bridges carrying country traffic........ 


Bulletin 252, Am. Ry. Eng. Assoc., December, 1922. 
Proceedings, Am. Soc. E., January, 1923, 53. 
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For roadway ft. would then necessary for total moments and 
shears multiply the moments and shear for 9-ft. line traffic factor 


Fora roadway of, say, ft., would seem satisfactory 


apply factor which the safe side, and slightly more than would 


found placing two parallel 9-ft. lines traffic near one tiuss and 
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the truss loads from the actual transverse distances. Fig. shows 
comparison the results obtained this method with the actual truss 
loads obtained placing the lines against one truss. seen that 
the difference between the two curves not great for roadway widths more 


than whereas for width ft. would provide for passing trucks 
less than tons each. 


This study bridge loads has demonstrated that the ordinary uniform 
loading system unsatisfactory for modern bridges. few the advan- 
tages claimed for the proposed new loading system are follows: 
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COEFFICIENTS TRUSS LOADS, 
ASSUMING THAT THE TRUSS LOAD 
FOR ROADWAY FT. WIDE UNITY. 


L. of Truss 


close one Truss 


Coefficients for Truck Loads 


Width roadway feet 


highway loads. (Those for railroads were similarly 
standardized 1895 the introduction the Cooper E-loading.) 
2.—Simplicity specifications. 
3.—A definite load for each class bridge applicable floor and trusses 
alike. 
constant longitudinal spacing loads. 
5.—All parts the load for each class bridge proportional basic 
typical load. 
and shear tables easily prepared and printed for the typical 
load. 
for any load are found from those for the typical load 
simply multiplying constant factor. 
8.—Encouragement toward uniformity design and the resulting economy 
construction. 
9.—Ease comparison various designs establishing standard basis 
comparison. 
10.—Uniformity rating all bridges establishing standard basis 
rating. 
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THE DISINTEGRATION CEMENT SEA WATER* 


The purpose this paper place before the Profession history 
the study cement for use sea water, and analysis the results 
obtained. the greater this work has been done Europe; and 
the writers have found, their study the literature, that much has not 
been translated into English, although some abstracts and translations 
conclusions have been found. 

thought that the information presented, together with the hoped 
for not only will add materially the knowledge the causes 
of, and remedies for, the disintegration concrete sea water, 
also bring out information the possible supply native materials suit- 
able for admixture with cements which are used sea water. 

general plan suggested for experiments demonstrate the 
ness the conclusions and prove the value the suggested remedies for 
the difficulty. 


INTRODUCTION 


Many engineers who are most experienced marine construction are 
the opinion that all concrete structures salt water, and considerable pro- 
portion those near salt water warm climates, deteriorate steadily and 
surely. 

The Committee Marine Piling Investigations,§ the National 
Council, studying not only methods for making timber structures more 
enduring water infested with marine borers, but also the use substitutes 
for timber. concrete the most important these substitutes, 
the duties the Committee determine, possible, why concrete 
deteriorates, and discover practicable prevention methods. 

Many causes contribute this practically general disintegration, but 
appears reasonably certain that, there chemical cause, serious 
failures properly built structures need not expected. 

investigations the United States have generally been confined 
studies methods concrete manufacture, quantity gauging 


this paper correspondence invited, and may sent mail 
the Secretary. The discussion will closed November, 1923, and, when finally closed, 
the paper, with discussion full, will published Transactions. 

Presented the meeting June 13, 1923. 

Committee Marine Piling Investigations, National Research Council, 
ork, 

Asst. Director, Marine Piling Investigations, National Research Council, New York, 


This Committee composed Messrs. Betts, Chairman, George Ray, 
Chairman, Albert Barrows, Secretary, Bancroft, Alfred Flinn, George Hunt, 
Huston, Kofoid, John Stephen Sewell, and Hermann von Schrenk. 
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used, and similar items. These experiments and studies have furnished 
extremely valuable data, but, unfortunately, they have not resulted the 
building concrete structures which could withstand the attack the 
destructive elements contained sea water. these elements are the 
same sea water and many alkali soils, reasonable hope that 
remedy which will prevent disintegration sea water will have the same 
effect applied structures which may attacked sulphates alkali 
soils. 

The writers, first step, made study the literature the subject. 
American technical literature surprisingly barren information concern- 
ing fundamental investigations, whereas, foreign publications, data fur- 
nished basic investigations are which indicate clearly one the 
important causes failure. 

was thought that digest and comparison the information found 
American and European literature would value the Engineering Pro- 
fession, and that its publication, provoking discussion, would bring out 
many additional facts known scientific investigators, but not generally 
known engineers; facts which, properly applied, would not only result 
more marine structures, but also might aid the building 
somewhat cheaper structures which would also have long life. 

The foreign literature indicates clearly that the cause the alteration 
cement concrete well understood, and that several means for over- 
coming the difficulty have been used with more less success. 

the United States, appears that the attempt make and use 
standard for all purposes has probably been the cause many struc- 
ture failures and time will cause many more. The rate disintegration 
affected many factors, but even the concrete mixed and placed 
accordance with the best practice, resulting material maximum density, 
disintegration takes place, although much more slowly than the porosity 
greater. Any increase permeability increases the area exposed salt 
water and, consequently, the rapidity disintegration. northern latitudes, 
the chemical disintegration accelerated porous concrete the action 
ice, both within and without the structure. 


ANCIENT STRUCTURES 


few structures built sea water the Romans are still service, and, 
from the writings Vitruvius, Engineer for Augustus Cesar, and others, 
well from some modern analyses, appears that the Roman engineers 
developed the pozzuolana cement used these structures. The high tem- 
readily available for modern manufacturers were not possible 
that time, and, therefore, the Roman cement was mechanical mixture 
lime and pozzuolana (voleanic rock). 


JoHN 


The earliest modern investigation which record has been found was 
that Smeaton, the builder the Eddystone Lighthouse 1756-59 (1).* 


Figures parentheses refer numbered articles the Bibliography. 
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Smeaton realized the importance obtaining cement the most perfect 
possible, resist the extreme violence the sea.” made many experiments 
—described length his papers the construction the lighthouse— 
which resulted the use mortar made equal parts what calls 
lime and pozzuolana. 

Smeaton did not have the benefit modern testing machines technique. 
His test pieces were balls about in. diameter, tested immersion sea 
water. found that balls made lime and sand disintegrated very quickly; 
those made two parts lime and one part “Dutch Tarras” disintegrated 
partly; and those with equal parts lime and “Tarass” did not disintegrate. 
also experimented with plaster-of-Paris, which was unsatisfactory, and 
with limes made from rocks various degrees hardness. found 
difference service these limes. His experiments, primitive they were, 
demonstrated that better cement for marine work could manufactured 
from rock obtained from Aberthaw, the County Devon, England, than 
from. the marble Plymouth, chalk from other localities. 

Modern chemistry was unknown that time, and analyses were made, 
but from present information known that this rock was argillaceous 
limestone (lias) which one the rocks from which the so-called natural 
cements are sometimes made. 

The “Dutch was voleanic rock obtained from the vicinity 
Liége (now Belgium) and Aldernach, Germany, and the mortars which 
either. Tarras Italian pozzuolana were used, were found have the same 
qualities sea water. Tarras now known and used Germany under the 
name Trass. Smeaton states: 


“Seeing that both Tarras and Pozzuolana agreed two their obvious 
properties, porosity and resistance aqua fortis, well the hardening 
mortar under water; and also substances having 
passed the fire, was induced try experiments several porous substances 
that appeared have some similarity them, such Pumice Stone, Coal 
Cinders, Brick and Tile Dust and such like. found them all possessed 
absorbent property which caused the mortar made with them set some- 
what more quickly than one made with sand only; that when hardness 
expected from drying, and time wanted produce the effect fully, they 
may useful this end, procuring done more but being, 
when set, immersed water, they did not appear possess any powers 
resistance their dissolution more than the same lime would with 
common sand, if, little more time, the composition was become equally set. 

Smeaton concludes the description his cement experiments with the 
statement: was fortunate succeed this part the business 
entirely satisfaction and perhaps degree unknown before”. 

Smeaton’s cement was slow setting, covered the joints his 
with plaster-of-Paris. This practice still sometimes followed French 
engineers who use quick-hardening cement. inspection made years 
after the completion the lighthouse (1766) showed the mortar 
excellent condition, and, 1787, Smeaton estimated that the wear the jomt 
mortar was about The lighthouse stood 120 years, until 1877, when 
was removed account the undermining its foundations the 
the underlying rock. 


work 
tions 

sea 


gang 
cont: 


4 
uted 
ne 
curr 
phat 
weal 
that 
Vitr 
pit 
| 
for 
d 
tara: 
tion: 
publ 
that 
they 
ther 
> 


erfect 
ments 


sea 
ickly; 
and 
were, 
than 


made, 
atural 


ity 
which 
Same 
the 


bvious 
lening 
tances 
Coal 
sed 
some- 
rdness 
they 
being, 
ers 

with 
set.” 
the 


years 
joint 
hen 
rosion 


DISINTEGRATION CEMENT SEA WATER 1041 


The stamp accuracy and reliability has long since been placed the 
work the great French savant, Vicat. Modern texts and technical contribu- 
tions are replete with allusions his studies and demonstrations, and 
difficult find anything importance the subject cement concrete 
which his results are not used, referred some way. 

The cause the alteration and deterioration cement and concrete 
sea water has been previously stated known. The explanation Vicat, 
viz., the attack the sulphates the sea the uncombined lime the 
cement, still accepted. 

“Tt not the same with sea water; this attacks much more deeply hydraulic 


gangues than fresh water reason the sulphate magnesia which 
contains.” 


Candlot states: 


“According Vicat, the action this salt which must attrib- 
uted the rapid decomposition lime and certain cements sea water; 
the sulphate magnesia combines with the free lime the mortar and 
transformed into sulphate lime; the magnesium precipitated. the 
current the water which traverses the mortar somewhat rapid, the sul- 
phate lime carried out, new quantity lime enters into solution, 
turn transformed into sulphate, and the gangue thus decomposes continu- 
ously and finishes forming only sandy mass. When the current 
weaker produced only rather long intervals, the lime sulphate may 
crystallize and thus cause the expansion the mortar. this cause 
that may attribute the phenomenon expansion mortars decomposed 
sea water” (2). 

Vicat began his experiments 1812, when, says, there was “chaos 
opinion”, and dependence was still had the rules the ancient, 
Vitruvius, which provided for mixture “three parts bulk dry 
pit sand, two with one part slaked lime derived from 
white marble great hardness”. The “Dutch Tarass” and the pozzuolana 
Italy were economically beyond reach, was also the lime “eminently adopted 
for works” England and certain outlying parts France itself, 
and although builders had learned erect bridges, locks, etc., “without either 
tarass pozzuolana”, Vicat states that most these structures did not 
endure, and required frequent and expensive repairs (3). 

The results his investigations were published 1818. These, with addi- 
tional matter, are found English edition, translated Capt. Smith, 
published (3).. The reader who has not hitherto consulted this work, 
will find much with which has been familiarized later authors. 
will find the discussion hydraulic limes, the consistence and manipula- 
tion mortars and béton surprisingly line with modern practice, which 
itself has emerged from chaos recently with respect the two latter 
elements, and may also surprised learn that the needle which bears 
Vicat’s name was invented 100 years ago. But not these earlier works, 
that the writers would direct attention, however interesting and important 
they may be. Vicat’s later investigations and the principles and laws deduced 
therefrom with particular reference sea water are still greater importance, 
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account the deterioration numerous marine structures, some 
which were used the mixtures prescribed Vicat his earlier treatise, 
the Société d’Encouragement pour Nationale 1853 offered 
reward the author the best studies mortars already used destined 
for marine works, and also sought find process which hydraulic 
materials capable resisting the action sea water could recognized 
promptly and easily. Vicat had already contributed this subject, and 
now brought completion his investigations touching thereon and submitted 
them work entitled “Recherches sur les Causes Physiques Destruc- 
tion des Composes Hydrauliques par (“Study the Causes 
the Destruction Hydraulic Compounds Sea (4), which was 
published 1857. The reader who desirous learning the methods used 
this study, and the steps leading the conclusions, will find them fully 
the files the Annales des Ponts Chaussées, Comptes Rendus 
des Sciences, and the Bulletin Société d’Encouragement 
pour Nationale. Only the conclusions can given here. They 
are: 


all mortars, hydraulic non-hydraulic, whatever may their 
age hardness and the medium which they have hardened, when exposed 
impalpable powder, sufficiently prolonged action dilute solution 
magnesium sulphate, gave all nearly all the lime excess the 
quantity capable being neutralized the carbonic acid the mortar” (4). 

was possible determine from laboratory experiments, requir- 
ing not exceed months’ time, whether not mortar concrete would 
resist the action sea water” (5). 

the ratio lime, taken unity, the sum silica and 
alumina, was index stability” (6) (Hydraulic Index). 

sea water would destroy all cements, all mortars, and all possible 
pozzuolana mixtures, provided penetrated the submerged mass. Now, 
some these compositions resist perfectly constant immersion both 
ocean waters well those the Mediterranean, follows from necessity 
that they are not penetrated sea water. Entry the water hindered 
the surfaces the mass, and the cause this hindrance found prin- 
cipally outer coating lime carbonate which formed either before 
after immersion, and which increases thickness with time; this 
principal hindrance are added some cases: First, the effect kind 
cementation produced the introduction certain quantity magnesium 
the outer surface, whence passes the form carbonate; second, the 
effect incrustations and marine vegetation. 

“But not given all these surface coatings maintain themselves 
with equal persistence around the enveloped masses; differences observed 
this respect depend: Some, the chemical constitution and cohesion 
belonging the silicates; others, their location with relation the force 
the sea and the thrash the shingle; hence, difference observed 
builders the permanence concretes which silicates form the 
mixture” (7). 


recommending the award both prizes franes each Vicat, 


the Secretary the Committee, Blane (8) summarized results 
follows: 


“Hence, according Vicat, there are three classes hydraulic compounds 
considered relation saline action: 
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which resist chemical change constitution, either 
integral limited depth, which the sea produces spontaneously and which 
consequently have need preservative coatings; 

which subsist, can only subsist, under the protection these 
same coatings; 

which cannot conserve these coatings and which are destroyed 
the effect chemical transformations which the sea tends produce. 


“Tt the first group that may examined and estimated the light 
the laboratory tests mentioned the report the author.” The materials 
recommended are “artificial pozzuolanas, pure nearly so, and, way 
exception, some ochreous clays both moderately cooked which with approxi- 
mately 15% rich lime have furnished silicates resisting perfectly the action 
sea water and presenting the phenomenon substitution resulting from 
the gradual removal the lime from the compound which tends 
replaced the magnesia” (8). 

will seen from the foregoing that Vicat succeeded detecting the 
cause disintegration, have many modern investigators whose results 
are every way confirmatory. Vicat went farther, however. developed 
the formula for stability, and indicated that cement having for index 

silica alumina 
magnesia 
would not decompose sulphate Later investigators have agreed 
with these conclusions, and the formula seems correct to-day when 
was first promulgated. 


DEVELOPMENTS 


Chatelier, having seen that cements and hydraulic limes were mixtures 
definite compounds silica, alumina, and lime, and realizing that chemical 
analysis alone was insufficient for the study these mixtures, made use 
the microscope their examination, and his micro-chemical studies 
cements constitute the pioneer endeavors that line research. Among the 
noteworthy developments from these studies was the determination the 
silicate and the fact that was the active element hardening (9), 
discovery confirmed later Rankin through experiments conducted the 
Geophysical Laboratory the Carnegie Institution Washington (12) (13). 

Chatelier’s studies led him propose theory the hardening 
cement, which considered caused progressive crystallization from 
supersaturated solutions, the crystals appearing needle-like forms, grouped 
spherolites about centers crystallization. Hardening effected the 
interlacing and entanglement these crystals and the frictional resistance 
their points contact (9). believes that the process does not 
there, and that hydrated colloidal calcium silicate, aluminate, and ferrite 
are formed from the solution hydroxide surrounding the cement 
particles, the water again given and the lime remaining adsorbed. The 
hydrated colloids then set firm and hard colloids, and the hardening the 
cement thus effected* (10). 


Further detailed information this subject found most interesting dis- 
cussion the Transactions The Faraday Society, January, 1919. 
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the field pure science, however, the most important developments 
have been produced American investigators. The studies the binary 
systems and their components Day, Shepherd, Wright, and Rankin (11) (12), 
and, later, the ternary system Rankin and Wright (13), have furnished 
real basis for experimental work which hitherto had been more less 
empirical, They have pointed the way such work that done Pro- 
fessor Colony, the School Mines, Columbia University (14) (15); the 
experimental study the ajuminates Spackman, and, later, Bates, the 
Bureau Standards; and the applied microscopy Nathan 
Johnson, Assoc. Am. (16). 

regretted that wider use the microscope not made the 
testing cement and concrete, and attention this neglect that 
this matter here presented. 


Returning now the main issue, attention directed the experimental 
work Michaélis Germany and Chatelier France, which 
believed form the first noteworthy contributions the subject the resistance 
cements dissolution sea water, since the disclosures made Vicat 
about years before. Study this subject, the case with similar ones, 
seems periodic. Discoveries are made which seem solve problem, 
and the subject receives further attention until time has demonstrated that 
the supposed solutions were only partial were error. 

Michaélis, 1882, published his theory with respect the detrimental 
effect the excess lime Portland cement which gauging separates 
out hydrate crystalline form, which latter has little 
binding strength, but rather tendency destroy the cohesion already 
attained. concluded that: 


“Tf there are offered the lime, while process separating out, 
Pozzuolanas e., substances which, combination with hydrate, 
form cement), the amount effective cement the mortar may increased 
such way that more caustic lime can deposited crystals, but that 
the entire quantity calcium hydrate becoming liberated and which must 
first into solution before can crystallize, employed the formation 
hydro-silicate (and aluminate)” (17). 


This statement which was opposed the Council the German Cement 
Makers Association with the claim that, “such addition produces rather 
decrease strength which nearly proportionate the amount the 
addition”, was unfortunately coupled with attack the professional 
integrity the author. Further proofs the correctness his theory were 
advanced Michaélis open letter the Association 1884 (18). 
Results confirming these conclusions were obtained the tests made the 
Royal Testing Station for Building Materials (19) (20), and the Con- 
federation Testing Institute Zurich, Switzerland (21). 

Realizing that was this free lime which offered combination the 
sulphates sea water, Michaélis now undertook test his theory with 
respect that medium. The Standing Commission for the Unification 
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Standard Methods for Testing Building Materials imposed him the 
task devising test for determining the action sea water hydraulic 
mortars. The methods used these experiments and the results obtained 
are fully described his paper entitled “The Behaviour Hydraulic Cements 
Sea Water” (22). sufficient say that they every way confirmed 
the previously stated and, the author says: 


“The predicted improvement hydraulic cements rich lime 
through suitable additions substances containing (hydraulic) silica (and 
alumina) capable combination which had already been fully proved the 
ease hardening fresh water, has now found confirmation surpassing 
anything that could have been expected the case hardening sea water; 
confirmation that has brought shame the completely false representations 
the Council the German Cement Makers Association its report the 
year 1882 the Prussian Minister Public Works” (22). 


furthermore states: 


“Tt may then with confidence asserted that evidence has been furnished, 
both scientifically and practically, that hydraulic binding-agents which con- 
tain more lime than sufficient for the formation stable hydro-silicates and 
hydro-aluminates (and only the compounds poor lime are recognized 
stable, and that higher degree according they are poorer lime) 
may not employed for marine constructions. 

then, according proposal, mixed cements furnish mortar 
not only much more durable and strong, but also considerably cheaper, 
the interest the public welfare that these mixed cements should widely 
used possible, and that our knowledge these things being now extended, 
and the real cause the danger distinctly recognized, the employment for 
marine constructions hydraulic binding-materials.too rich lime, without 
improving additions, should longer permitted. 

“The solution the problem moreover the most favorable that could 
imagined; the old methods still hold good; all have make 
sensible use the ancient, most effective, and, the same time, cheapest 
amongst which none takes higher place than 
genuine Trass. ‘genuine Trass’ meant the finely-ground Tufa (Trass- 
stone), without any admixture ashes other substance. Since, however, 
they are associated here with the strong, energetically hardening Portland- 
Cement, the other varieties Pozzuolana, which possess smaller degree 
initial energy, are also quite available. 

purely theoretical computation, well also practical quickly- 
effected tests, show readily, every instance, what mixtures are best. 

“No combination should offer greater advantages every way than that 
Trass (or Pozzuolanas similar Trass) and Portland-Cement, for 
mortar mixture can excel this respect price and strength, initial energy, 
and power withstand the destructive influence the sea-water. 

“That the employment Portland-Cement would suffer thereby just 
far from the fact was formerly the groundless fear that road traffic would 
decrease owing the making the railways; was the case there, here 
also the very opposite will (22). 


Further proof the correctness Michaélis’ position was forthcoming 
from the investigations carried the Minister Public Works the 
Island Sylt, reported 1900 (23). the construction the harbor works 
Wilhelmshaven, the sea sluices Emden, the Ost See Canal sluices 
Brunsbiittel and Holtenau, and other points, the results these investiga- 
tions were applied. 
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second series tests, extending over the period, 1902-09, was made, under 
the direction The tests were two Portland cements, one 
rich lime and one poor lime, the following mixtures: 


(a) cement; sand; stone. 

(b) cement; sand; stone. 

(c) 0.5 cement; 0.5 trass; sand; stone. 
(d) 0.6 cement; 0.4 trass; sand; stone. 
(e) 0.5 cement; 0.5 trass; sand; stone. 
(f) 0.6 cement; 0.4 trass; sand; stone. 
(g) 1.5 trass; lime paste; 0.5 sand; stone. 
(h) 1.5 trass; lime paste; sand; stone. 


Tests were made for tensile and compressive strength the age days, 
year, and years. The trass, from the Nette Valley, was 25% blue, 25% 
gray, and 50% yellow. The broken stone was Swedish granite. The sand was 
procured locally the island and screened through 20-mesh sieve, 
tests were executed partly Westerland, the laboratory the Society 


German Portland Cement Manufacturers, and partly the Royal Testing 


Laboratory Gross Lichterfelde. 
The results not altogether confirm the preceding ones, may seen 
from the following conclusions: 


“Generally speaking, may concluded, from the observations the 
blocks: 


“(1) That cement, rich lime, more suitable for structures sea 
water than cement poorer lime, result contradictory 
the actual views; 

“(2) That the addition trass cement intended for use sea water 
limited value only; 

“(3) That desirable sea water use rich (dense) mixtures and 
have the blocks hardened air under sand long 
possible before placing them the sea. 

“Concrete Blocks Made with Trass-Lime—Blocks made rich trass-lime 
concrete are mechanically attacked the surface the surf and sand, but 
not show chemical decomposition. Storage for three months under wet 
sand before placing them sea water sufficient make blocks this 
mixture resistant the action the sea. 

“The blocks poor trass-lime concrete behave somewhat differently. Those 
stored under wet sand for only three months sustained considerable surface 
damage after one two years, while the blocks embedded sand for one 
before placing them the dikes showed the same resistance those the 
rich mixtures. 

samples tested age two years were 
proof except those the mixtures (b), (e), and (f). The various methods 
hardening are little influence the impermeability. The samples cement 
trass mixtures appear less dense than the others. The influence the 
two kinds cement the impermeability the mortars small” (24). 


Van Kuffeler points out, the tests mentioned were not comparable 
basis, part the cement having been replaced with trass. Thus, the 
sand mixture was compared with the cement-1 trass-4 sand mixture (25). 
states: 
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concretes are compared, containing approximately the same 
quantity cement per cubic meter mortar, such the compositions 
cement, sand; cement, trass, sand; and cement, trass, sand; 
containing therefore, one part cement per 3.38, 3.40, and 4.07 cu. 
mortar, the addition trass increases resistance marked degree.” 


Chatelier, after investigation, accepted Vicat’s explanation the cause 
the chemical alteration cement sea water and, referring the pro- 
tection afforded the progressive carbonation the lime, comments 


follows: 


“The (of carbonates) the more perfect the carbonation 
effected upon the less soluble lime compounds. It, therefore, seems that the 
more less complete elimination calcium hydrate would favorable; 
the addition certain quantity pozzuolana the cement would allow 
this result reached. The use, like sand, calcium silicates, inert the 
action water, but capable being attacked carbonic acid, the slags 
the blast furnace are, also seems ought recommended. have 
shown that these compounds set perfectly water charged with carbonic acid. 
Doubtless, they would not altered salts magnesia. But the best way 
assist the carbonation would furnish the cement with carbonic acid 
greater proportion than sea water can, the content acid 
which only liters per cubic meter. The use alkali carbonates very 
costly, may that would possible utilize the decomposition cer- 
tain organic substances the lime the cement, wood saw-dust, for example, 
either natural transformed hydro-cellulose make more easily decom- 
posed. know, indeed, that all organic substances heated with lime break 
such manner that all their oxygen passes off the condition car- 
acid: ordinary temperatures the reaction still produced, but much 
more slowly. similar proceeding would allow carbonation the center 
piece masonry occur, and would protect against all infiltration. 
Such method was employed; intentionally otherwise, the Romans 
the preparation coatings fat lime for their frescoes. have recognized, 
upon samples brought from Pompeii, that they mixed with the lower layer 
the coating great quantity fragments chaff, which only the casts 
remain to-day. The organic matter has been completely destroyed giving 
the acid which has aided the carbonation the lime and which 


now complete” (26). 

careful add, however, that these ideas are not expressed the- 
oretical consequences the chemical researches already outlined, and that 
“they should not accepted until they have been submitted the direct 
control experiments.” 

Feret included saw-dust series tests materials for use sand 
mortars (27), substitution this substance being used 
1:3 quartzose mixture. The compressive strength ground quartzose 
mixture, after years’ immersion, being calculated 100, value was 
found for the saw-dust substitution, thus proving that the addition organic 
material, far this particular mixture concerned, was detrimental 
rather than beneficial, suggested Chatelier. 

1886, the Laboratoire des Ponts Chaussées began its concrete investi- 
gations Boulogne sur Mer. number these studies were the ordinary 
short-time tests days, others were long-time tests. The Chief 
the Laboratory, Feret, believing that sufficient time had elapsed 
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make report the behavior the many specimens under test, gave his 
summary average results (28). 

part these average results here shown graphically, the metric sys- 
tem weights and the original being preserved. (See Figs. 
and 2). conclusions are part follows: 


No, 1, Special granulated Slag Cement 
No.2 Mixtures of 34 Portland and 14 of various Pozzuolanss 
No.3 Ciment fondu 


No,4 Grappier Cements 

No.5 Ordivary Siag Cements 

No.6 Special Pozzuclanic Cement 

No.7 Portland Cement 

No.8 Cements withadditions before burning eB 

of strongly argillaceous g A 
—No.9. Hydraulic Lime - 


Kilograms Centimeter 


Time years 


“With respect structures not built the sea sulphate solu- 
tions, the degree security which the various binding agents offer, depends 
less the class which they belong than the care used their 
facture. large majority cases, simple and rapid deformation tests, 
notably the boiling test, show with sufficient accuracy the confidence which can 
reposed each material tested. the other hand, strength also one 
the most important qualities demanded this class work, especially 
case reinforced concrete, and has been seen how the various kinds 
binding agents differ among themselves this respect. Nevertheless, the 
fact should not lost sight that there may variation within widely 
separated limits, accordance with the fineness found different specimens 
the same material, that the superiority determined for the 
strength some types binding agents over others can apparent only, 
and arise from the fact that general the first were more finely ground than 
the second, according the practice current the time when the tests were 
undertaken. 

“To maritime works those gypsum-bearing soils the absence 
sive elements due defective manufacture not less indispensable than 
the others and can detected the same manner. But the mechanical 
resistance presents only secondary interest comparison with the resist- 
ance chemical decomposition, which latter can vary greatly accordance 
with the type product. Also the principal aim the investigations has 
been compare the various binding agents from the point view their 
respective ability offer more less point attack certain chemical 
elements. this purpose, the testing methods have been multiplied 
obtain indications quickly possible. 
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“In examining the results this statement the reader will without doubt 
have been dismayed the large proportion disintegrations observed and 
will ask how that, considering the age many maritime works, many 
them are still standing and good condition. will have been espe- 
cially struck with the relatively bad conduct Portlands, products such 
high repute, the use which, the entire world, greatly exceeds that all 
the other binding agents combined. because these tests have for the 
most part purposely been very severe, and therefore decomposition full 
obedience the same chemical laws which the mortars have meet 
practice accelerated amplified, and the binding agents which are most. 
subject thereto are detected without the necessity waiting for number 
years. Considered alone, conclusions which appear result from each 
method tests evidently cannot accepted without reservation, but the 
results the tests considered whole, being agreement, increase the 
confidence which they inspire. seems then that may admitted with- 
out great error that the qualities shown the entire series decomposition 
tests, correspond reality the average qualities expected service 
from the various binding agents. 


BOULOGNE SUR MER TESTS 


WATER 


Kilograms per Square Centimeter 


Time years 


“This being the case, clearly follows from the tests that the Portlands, 
they were manufactured during the period 1890-1910, could slightly 
increase the clay content the crude materials used 
their manufacture. Since that time some progress, however, has been made 
this respect, but quite favorable results should obtained the addition 
Portlands, materials properly chosen, the use totally 

materials properly chosen, the use totally different composi- 
tions such certain slags granulated special process fused cements 
with aluminate base. 

“These last two types binding agents are relatively recent inventions. 

manufacture has not yet been stabilized, and can hardly foreseen 
what development susceptible, under what economic conditions 
can carried on, nor whether can furnish continuously products suffi- 
uniformity and the same time with indispensable guaranties 
unalterability and permanence, any case, the number specimens tested 
the present time small. Their processes manufacture were not 


igs. 
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generally known, and new experiments much larger scale will evidently 
before these products can recommended for use maritime 
works. 

“As for intimate mixtures Portland and Pozzuolanas, the use which 
the author the present statement has for long time numer- 
ous tests have already shown that they are not subjected the same hazards, 
and have given very clear indications the kinds Pozzuolanas 
preferred.” 

Mortar tests sea water were instituted Rochelle 1852, and have 
been carried continuously since that date. Three specimens made from 
cement manufactured Vicat, accordance with the principles 
developed his father, were immersed there 1859. The blocks were made 
the following proportions: cement sand, volume; cement sand, 
volume; and neat cement. 

reporting these specimens 1912 (29) Mme. Lombard and 
Deforge state that, the case the first two, only slight traces change 
were apparent their surface, although “their position had exposed them 
numerous shocks well strong current during the tides”, and 
that superficial decomposition, which was apparent the 1900 inspection, 
had not progressed appreciably when observed 1911. service life 
years for two blocks made from pure Portland cement (White and Brothers) 
reported the same authors. the 1911 inspection, the two blocks were 
found have been broken “some ill-disposed person”. One the two 
blocks showed the mortar sound, although the pink color indicated that 
decomposition was under way; the other was sound. 

Various reports the observations recorded Rochelle have been 
made. The one greatest interest perhaps that rendered 1901 
Eugene Mayer, Engineer the Maritime Service, reading follows: 


“From trials made Rochelle since the year 1852, appears that 
can resist the decomposing action sea water, and that the best 
agglomerants can only attain limited age. 

“Moreover, the annual inspection the blocks has enabled confirm 
the opinion that the action set sea water varies with the nature, physical 
condition and chemical composition the binding medium. ‘Thus, the 
siliceous limes the Theil type, which are imperfectly slaked, break down 
white mud through expansion, whereas slaked the mortar sub- 
jected sufficiently heavy load, retains its shape without expansion, but 
loses its powers resistance proportion the lime dissolved and 
extracted the action sea water. The mortar gradually turns bright pink. 
Portland cements also undergo alteration various ways. 

“Tf the cement rich lime, the block dilates, cracks, and, without 
having sustained any advanced chemical decomposition, breaks into 
large number fragments, the internal stresses sometimes acting with such 
rapidity that their effect comparable bursting central explosion. 

“When the proportion lime the cement correct, the mortar may 
decompose without expanding appreciably. such event found that 
the brightness the pink coloration the mortar greater the period 
final decomposition approaches. 

“Finally, Portland cement undergoes third kind change sea 


“Recently various applications ciment fondu soils containing sulphates have 
been made with success. Others sea water are the course construction.” 
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“The mortar found have retained its grey color, whilst gradually 
increasing volume; then cracks, expands, and assumes disrupted appear- 
ance, while the same time loses its strength, the expanded portions 
becoming detached and eventually crumbling mud which thinned down 
the sea water” (29). 


Sr. Eduardo Castro, Engineer Roads, Canals, and Ports Spain, 


writing from his knowledge gained from vast number experiments and 
observations, states: 


cement with slight quantity free lime will give poor results the 
sea that lime continues free after setting has taken place; but, however 
large the quantity lime may be, there also the mass, there 
should added, something which will combine with (to form insoluble 
compounds), the cement will give good results” (30). 


calls attention the existence Spanish ports many structures 
made from so-called poor cement, imperfect calcination, 
coarseness exceeding 30% residue screen 900 meshes (80 mesh) and 
slight and unequal tensile strengths” which have given perfect service 
the sea, “although the proportion cement was not increased, nor were any 
special precautions taken such would observed one who had the 
slightest fear From these facts, concludes that the character 


the cement, shown the standard tests, much less importance than 
its chemical composition. 


Throughout his article, Sr. Castro stresses the importance the 
Professor Alfred White, the University Michigan. Sr. Castro 
considers the microscopic analysis more importance than the chemical, 


although both should used. One the many tests reported him 
follows: 


“With Portland cement which the microscope showed free lime, 
made the following specimens: Pure cement, cement with and 15% 
lime added, cement with 15% Berlin Pozzuolana, cement with 10% 
lime and 80% Pozzuolana. One set test pieces was submerged con- 
centrated solution magnesium sulphate (15% solution) and another 
standard sea water long-time test. The results obtained from the speci- 
mens the concentrated solution agreed very closely with those sea water 
for longer time. the concentrated solution, within month, the pure 
cements showed symptoms decomposition which were accentuated two 
months, and complete disintegration occurred days. The cement with 
lime alone only resisted few days; the specimens containing 15% lime 
began disintegrate days, and all the specimens containing lime were 
totally disintegrated within month. The cement with Pozzuolana showed 
much better results than those with cement alone, since months there 
was evidence fissure, and sure that with 40% Pozzuolana mixture 
place they would have suffered injury.” 


Sr. Castro closes his article with the following conclusions: 


“That cements the sea encounter different conditions from those the 
air; and the same process analysis should not applied. 

“That necessary for these cements contain themselves 
have added them substance which works like Pozzuolana and which com- 
bines with the free lime.” 
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Luigi Luiggi, Hon. Am. E., made use mixture Port- 
land cement and pozzuolana for the purpose securing impermeable rein- 
forced concrete used the construction the Aqueduct (31). 
From study tests made England and North America, appeared 
certain him that could not rely Portland cement alone. His atten- 
tion was called some iron rings which were found embedded pozzuolana 
mortar some old structures the Port Genoa. These rings, which had 
been place probably 200 years, were found perfect condition 

Giorgis and Cenni 1915 analyzed samples pozzuolana mortars which 
had been immersed the sea—one from about and five others from 
1886, 1888, 1893, and 1899, respectively. They found that, all cases, part 
the lime had been removed the action sea water, but that such action 
had ceased after time, the percentages remaining lime were the 
same order the ancient mortar the five modern ones. 


“The quantity alkalis had diminished all cases, while that magnesia 
showed appreciable change four samples and increase and decrease, 
respectively, the two others” 


the subject concrete for use sea water, Mr. Bertram Blount says: 


“Whenever any good form material, such trass and the 
like, available, should certainly replace part the sand, for its use 
forming calcium silicate with the lime, normally set free during the setting 
Portland cement, undoubtedly value, much conducing the obtain- 
ment that imperviousness which necessary condition for sound and 
lasting work. should not overlooked that any pozzuolanic material can 
fulfill two functions. coarsely ground, acts partly aggregate like 
sand, and only when ground finely cement itself that its full activity 
cementitious material comes into play. There objection the 
use pozzuolana, the supply abundant and local, but, has 
brought from distant place, evidently uneconomical use part 
for purpose equally well fulfilled inert material like sand. some 
cases, might desirable grind the pozzuolana and cement together 
equal fineness. This plan has been objected many engineers 
being equivalent adulteration the cement, but this view hold 
mistaken the mixture sold under its own name, and the proportions 
the two materials are stated. Many laudable attempts have been made 
obtain imperviousness the addition the most various materials such 
barium salts, soap and fatty mineral oils, but, though some these are value 
under special circumstances, they have not yet shown themselves suitable 
for the heavy seawork now being spoken of; present, there nothing better 
than ordinary concrete made with most carefully chosen and graded 
gate, with the addition trass local conditions allow, and ample pro- 
portion cement. Concrete made thus can only attacked the surface, 
and its destruction percolation well-nigh impossible. state its 
possible length life would rash attempt; view, should last 
fact, until the harbor other marine work had become 
lete” (34). 


From series experiments with siliceous materials different kinds 
sea water, Hiroi, Am. Soc. E., has shown that Rhenish trass 
unique its action, decidedly improving the quality cement when used 
sea water; but, with pozzuolanas and tuffs found Japan, various results 
have been obtained, according their qualities, and the conclusion is, that 


Sse 
to 
ili 
can 
hav 
hav 
test 
cher 
the 


Port- 
rein- 
(31). 
had 
vhich 
from 
part 
the 


says: 
the 
use 
etting 
btain- 
and 
can 
like 
the 
some 
her 
ons 
ade 
uch 
value 
uitable 
pro- 
urface, 
ate its 


kinds 
trass 
used 
results 
is, that 


Papers. DISINTEGRATION CEMENT SEA WATER 1053 


good pozzuolana tuff may used with advantage, quantity, however, 
not exceeding that the cement. For determining the quality pozzuolana 
tuff, physical tests have been found the only reliable means, chemical 
analyses merely serving discriminate between the inferior cements the 
same group (35). 

Mr. Hiroi’s tests are now more than years’ standing, and program 
has been formulated whereby their continuation for 100 years has been con- 
templated. The results were last summarized the Journal the College 
Engineering, Tokyo Imperial University, Vol. (1920), follows: 


“The action ashes when used cement mortar appears 
two-fold, viz., mechanical and chemical. Mechanically, the ashes increase 
the density the mixes, making the latter more less impermeable sea- 
water; chemically, the combination silica with free lime cement, which 
makes the latter unassailable the sulphates contained sea-water, seems 
the most important action. The activity silica contained ashes 
naturally depends the state which present; and while there 
doubt that the soluble portion the most active agent, the total amount 
silica should also taken into consideration. Thus, the Otaru ashes, which 
according the analysis contain the least amount soluble silica the 
three, but the largest amount the insoluble one (on average 61% 
the Otaru ashes, 47% the Yoichi, 34% the Goto), produced higher 
strength than either the other two ashes.” furthermore states that: 
“The foregoing results tests have shown that the use ashes 
ingredient cement mortar used sea-water has beneficial effect, when 
proper choice made the material. The advantages such practice are 
the greater strength and durability attainable, when properly proportioned, 
and the lower cost possible when good ashes are readily obtainable. 

“Tt may not superfluous add. that the concrete blocks containing vol- 
ashes used Otaru and elsewhere, have withstood most satisfac- 
tory manner the chemical well the mechanical action sea-water, the 
oldest ones now for more than years, and show every indication durabil- 
ity less than natural stones good qualities” (36). 


The use mixtures the United States, far the writers 
have been able ascertain, has been limited few structures the West. 
The Reclamation Service used what termed sand-cements the Arrow- 
rock, Elephant Butte, and Shoshone Dams. Volcanic ash (tufa) was used 
the Los Angeles Aqueduct, reported Lippincott, Am. 
marine structures was brought out the discussion Mr. Luiggi, there 
have not been, the knowledge the writers, any sea-water alkali-soil 
tests made with it, which would appear inexplicable, particularly view 
the close resemblance the chemical composition the tufa the Pacific 
Coast that the European products which have been used successfully. 
Edwin Duryea, Am. Soc. E., considers proof against 
chemical action sea water, sewage, and alkali” (38). 

Richard Humphrey, Am. Soe. E., discussing this question 
the Twelfth International Navigation Congress, advocated the use poz- 
additions, may appear from the following: 
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“Tt seems fact that desirable for cement, which used for 
the production concrete exposed the effects sea water, contain 
sufficient measure silica bind that excess lime which may con- 
tained the hardened cement. This accomplished many European 
cases the addition Trass Pozzuolana hydraulic cement, which 
contains excess oxide. This serves increase its solidity and 
make stable sea water” (39). 

Mr. Harrison Taft the opinion that sea water must 
not only impermeable, but that the cement should possess the 
inherent qualities resist the disintegrating action sea water,” and lists 


eight essential qualities, follows: 


the very best quality; 

2.—Of fine pulverization; 

analyzed and tested for chemical properties; 
4.—Low percentage alumina; 

5.—High percentage silica; 

possible from gypsum; 

free from “free lime”; 

8.—Slow setting—quick and uniform hardening. 


Furthermore, refers the addition true pozzuolana Portland 
cement the ratio from 60% pozzuolana from 40% Port- 
land cement resulting hydraulic cement immune from sea-water 
attack (40). 

test piece made Hermoor Erz (iron) cement was included the 
well-known Aberthaw tests the Charlestown Navy Yard. This was classed 
Bakenhus, Am. Soc. E., the second eight groups denoting 
durability, and Wig and Lewis Ferguson, Members, Am. Soc. 
the first five groups. reporting these tests, Capt. Bakenhus points 
out the slightly beneficial result from the addition clay the cement (41). 

few specimens “blended” cements were included the tests made 
Messrs. Bates, Phillips, and Wig, but the conclusions from the results 
obtained are declared only tentative account the short period 
exposure, which did not exceed years (42). 

Aside from these two experiments, both which made use foreign 
products, the writers have been unable find any record tests the 
United States, with anything the nature pozzuolanic material. The 
test made “blended” cements, the Los Angeles Aqueduct, and the 
Arrowrock Dam and other projects the Reclamation Service demon- 
strated cement this type, but were not for the purpose 
determining its resistance destruction sulphate-carrying water. The 
conclusion seems inevitable that the experiments and opinions well-known 
American authorities, well those foreign investigators, have been 
regarded the study the disintegration concrete sea water and 
alkali water. 


CEMENT 


There has recently been put the market new product, called France, 
the home its manufacture, ciment fondu (cast cement), ciment 
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(electric-cast), ciment électrique (electric cement), according the 
methods used its manufacture; and called Mr. Spackman, Amer- 
ica, Alea cement, signifying alumina cement. 

Although France was the first develop commercially this new cementing 
material, through the efforts Jules Bied, seems probable that the 
discovery aluminous cement belongs rightfully Spackman, whose results 
were announced 1910 (48). 

Spackman first worked with aluminates made moulding mixture 
lime and aluminous material into briquettes and burning them with pctro- 
leum coke small upright kiln, draft could applied 
desired. 

“Subsequently, aluminates were made large quantities the manner 
formerly used for the manufacture Portland cement, that is, making the 
mixture into bricks and calcining them fixed kiln. Aluminates are now 
produced for commercial purposes fusing and then 

The effect adding aluminates shown mortars made: First, from 
lime alone; second, from mixtures lime and siliceous material; third, 
lime and materials (trass from Cologne, Germany); and fourth, 
from natural cements. 

Increased strength was obtained from all four groups, especially the 
and 28-day periods. The manufacture (an addition alu- 
minates natural cement) was begun commercial scale, and return 
popularity natural cement was confidently expected. For some reason, 
the new product made little impression cement users the United 
States, and its use did not become general. 

Meanwhile Bied, experimenting France with bauxite and lime, made 
satisfactory fused product, about the time the beginning the World 
War, which called ciment fondu. 

The properties fondu which have been demonstrated date are: 


hardening; 
strength; 


3.—Indecomposability sulphated waters and soils containing sulphates. 


end hours. The hardening then proceeds rapidly, that, the end 
hours, has already reached high strength, and, according Candlot, 
attains the end days the strength good artificial cement the end 
days (44). 

2—Dr. Jeanneret, Engineer Chemist, Switzerland, has made com- 
parative tests, accordance with Swiss standards, three Portland and one 
electro ciment, and found the end days the following values (45): 


Tensile strength, Compressive strength, 
pounds per pounds per 
square inch. square inch, 
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Mr. Bates, the Bureau Standards, obtained for products 
his own fabrication, tensile strengths high 630, 955, and 1020 
per sq. in., the end the and 28-day periods, respectively, the speci- 
mens having been stored water (46). 

The driving tests, conducted under the supervision Professor Mesnager, 
Director the Testing Laboratories France, proved that reinforced con- 
crete piles made from ciment fondu, three days after fabrication, would resist 
the blow hammer falling the penetration being in. 
The tests, furthermore, showed that the piles not become brittle result 
their rapid hardening (47). 

The results (48) the strength tests made the discoverer, Bied, are 
shown Table 


TABLE 


TENSILE STRENGTH, POUNDS PER COMPRESSIVE STRENGTH, 


SQUARE INCH. PER INCH. 
Age, days. 


Artificial cement. Ciment fondu, Artificial cement. Ciment fondu. 


3.—Very severe tests Portland and electro cement were made Dr. 
Jeanneret, demonstrate their comparative resistances selenitic waters 
(45). Specimens were made part cement, parts sand, and part 
sulphate, gauged and rammed into moulds and then immersed 
tank water. The specimens contained practically 25% gypsum. Those 
made Portland cement began disintegrate shortly after months had 
elapsed, and, after months, the rapidity dissolution was increased, thus 
increasing the sulphate content the water the tank from 0.7 gramme 
per liter the end months 1.6 grammes per liter the end months, 
when the electro ciment specimens showed “absolutely trace destruc- 
tion” and gave compressive strength 3915 per sq. in., compared 
with 1500 and 420 per sq. in., respectively, for the two Portlands tested. 

Christiani explains this inability the sulphates influence ciment 
fondu the fact that hardening takes place the formation hydrates 
mono-calcium aluminate and that, consequently, there formed free 
hydrate calcium (47). 

The tests the Paris, Lyons, and Mediterranean Railway Company, made 
necessary the destruction sulphated waters the Brauss Tunnel the 
Nice-Coni line, begun 1916, show that this new cement resists perfectly 
waters impregnated with sulphate lime, even when large part the 
sand replaced anhydrite (48). The experiments were conducted under 
the supervision Sejourne, Ingénieur Chef des Ponts Chaussées 
and Sous-Directeur the Paris, Lyons, and Mediterranean Railway Company, 
fact which vouches for their trustworthiness. 
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Finally, there are the tests Feret, the Laboratoire des Ponts 
Chaussées, which have previously been summarized. The results are shown 
Figs. and 

This cement was widely used during the World War for the construction 


ducts 


ager, gun platforms, pill boxes, where its quick hardening qualities were 
con- the greatest value. Within three days, heavy guns could fired from plat- 
resist forms which this cement was used. 
in. One great disadvantage Alca cement its cost, which about double 
result that Portland cement. Whether improved manufacture will finally over- 
come this difference remains seen. the meantime, its many advo- 
are eates claim for economy arising from the possibility using smaller 
sections account its superior strength, and the shorter time neces- 
sary before striking the forms, account its quick hardening. 
all skilled experimenters with hydraulic binding agents, for 
the last 100 years, have agreed that the primary cause for the disintegration 
mortar and concrete sulphate-carrying waters, such sea water and 
many alkali waters, the attack the free lime the mortar the 
phates the water. 
majority the authorities agree that this disintegration can 
prevented the addition standard Portland cement properly con- 
stituted siliceous material, which, combination with the free released 
the process setting, will form cementing material insoluble 
bearing water. 

high alumina cements attain the same results different means 
which appear just effective. Thus far, the cost the high alumina 
cements seems greater than that Portland, whereas the addition 

silica Portland should result cheaper product. Considering the greater 
strength the alumina cements, possible that the cost per pound per 
square inch strength may not very different. 
use single standard specification for the binding agent all 
pared structures, whatever the service conditions, does not seem desirable 
efficient. 
The purpose the writers collecting the information presented was 
develop for their own use the necessary data for planning comprehen- 
free sive system tests, which hoped may conducted under the direction 

the Committee Marine Piling Investigations, the National Research 
made Council. These tests, their opinion, should planned with consideration 
feetly view great volume previous research work and the gen- 
the eral agreement obtained, seems unnecessary make further 
under tests determine the causes the failure concrete sulphate-bearing 
waters, particularly study now being made 
the University of. Saskatchewan, under the auspices the Engineering Insti- 
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planned accelerated laboratory tests correct infor- 
mation the durability the various binding agents within com- 
paratively short time. These tests should checked service tests which 
will require many years, but there seems question the 
ness laboratory results. 

tests should standard American Portland 
cements strengthened the addition siliceous materials. These tests should 
for the purpose determining the necessary qualities possessed the 
silica; proper proportions for the mixture with cements various compositions, 
and the development the most efficient and practicable methods mixing. 


(d).—Similar tests should made the high alumina cements. this 


case the method manufacture seems the greatest importance. The 


most desirable chemical composition the limestone and bauxite used 


for the manufacture this type cement should determined more definitely 
than has been. 

the experiments resulting the development resistant 
for the most part, have been made abroad, and consequently with foreign 
materials, will necessary make thorough study the practicable 
sources supply the United States, both for the silica used with 
Portland cement and the bauxite which necessary for the manufacture 
the high alumina cements. 


The writers realize that many causes contribute the failures structures 
sulphate-bearing waters, and that much work has been done, which has 
resulted longer life for these structures. They not believe that the 
improvements resulting from previous experiments methods construction 
have solved the difficulty, nor that will solved until cement immune 
from attack sulphate-bearing waters developed. 

The writers have assembled list containing about three thousand titles, 
but have only included the appended bibliography those references which 
have been either quoted directly used basis for conclusions. 

They wish acknowledge their indebtedness the Engineering Societies 
Library, where, with few exceptions, the material made use was found. The 
Director the Library and his staff expert assistants have been the 
greatest aid. Some the publications quoted, not found the 
Societies Library, have been obtained from the Crerar Library, Chicago, IIl, 
and the Congressional Library, Washington, 
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(3) Vicat, Practical and Treatise Caleareous Mortars 
and Cements, Artificial and Natural. Translated Capt. 
Smith. 1837. 

(4) Vicat, sur les Causes Physiques Destruction des 

Composes Hydrauliques par Mer, etc. Bulletin 

Société d’Encouragement pour Nationale, 1857. 


(9) 


(10) 


(11) 


(13) 


(5) 
(7) 
(8) 
: 
(14) 
(16) 
(22) 
(24) | 
(25) 
(27) 
(29) 
- 
(31) 
(32) 


infor- 
com- 
which 
orrect- 


ortland 
should 
the 


Papers.] DISINTEGRATION CEMENT SEA WATER 1059 
(5) Mary, Annales des Ponts Chaussées, 1862, ser. 208. 


ing. 


this 


The 
used 
finitely 


ements, 
foreign 


ture 


ich has 
hat the 


titles, 
which 


The 
the 
ago, Ill, 


Mortars 


‘tion des 


(6) Vicat, Comptes Rendus, Tome 46, 1858, 192. 
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Eng. Congress, 1915. 
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IMPROVED TYPE MULTIPLE-ARCH DAMS 


This paper describes multiple-arch dam improved type which 
each buttress pier consists double walls stiffened cross-walls, the purpose 
which eliminate the tendency high buttresses buckle. 

The arches are three-centered, planes perpendicular the inclined 
arch barrel, that the thrust exerted nearly parallel the buttress walls. 
The combination such arches and buttresses believed result 
much stronger dam than could obtained with arches and ordinary buttresses, 
used heretofore. 

Simple working formulas are given for calculating the arches the 
deformation stresses that result from rib-shortening, temperature, shrinkage, 
addition the direct arch compression. 

method also demonstrated which the stresses the buttresses and 
the pressure the dam the foundation can considering 
buttresses and arches monolith, and attention called method for 
calculating the stresses which result from the combination horizontal 
shear and vertical compression. 

example given which shows that multiple-arch dams the improved 
type may built with safety heights much greater than heretofore has been 
considered feasible. Such dams contain only about one-fourth the quantity 
masonry required for gravity structures, and can built about one-half 
the cost solid gravity dams. 


INTRODUCTION 


Theoretical investigations well practical experience have proved 
that many cases structure the multiple-arch type more economical 
than any other. The arrangement sloping arch barrels supported 
buttress piers almost ideal combination, inasmuch the advantages 
arch and gravity dams are combined without involving certain undesirable 
features inherent structures those two types. There are objections, 
however, certain features existing multiple-arch dams, which are not 
without reason. Although the arches may not subject serious criticism, 
their stresses, factor safety, may ascertained with fair accuracy, 
the stability the slender buttresses great concern thoughtful engineers. 
The buttresses the old type are usually only few feet thick, even dams 
100 ft. high and more, and the slenderness ratio, considering such ,buttresses 
columns, generally small. The water load and the weight the structure 


discussion this paper, which will not presented any meeting 
the Society, will closed with the November, 1923, Proceedings. When finally closed 
the paper, with discussion, will published 

San Francisco, Calif. 
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subject these high thin walls considerable pressure, and they also may 
have sustain some wind pressure. For this reason customary brace dam 
all the buttresses against one another spanning number continuous Som 
horizontal struts between them from one side-hill the other. The number load 
such horizontal braces, the spacing and general arrangement, and the size, 
shape, and reinforcement, are somewhat indefinite, and vary greatly accord- 
ing the judgment the designer. Although horizontal braces, under 
ordinary conditions, may prevent the slender buttress walls from buckling, shea: 
such braces are doubtful value case accidental failure arch 
multiple-arch dam has ever failed, however, and any argument 
regarding what might happen case arch buttress from 
merely speculative. facto 
Furthermore, the fear expressed some engineers that the freezing and 
thawing the water seeping through thin arches time might injure the not 
concrete the down-stream face these arches, seems unfounded for 
constructed dams. number multiple-arch dams have been built 
during past years elevations 5000 ft. above sea level, and the 
arches all these dams appear resist very well even the severest climatic 
conditions.* 
During 1921, construction was started the Swedish Government 
two multiple-arch dams situated about 100 miles north the 
These dams are designed for ice pressure resulting from sheet ice ft. 
thick. apprehension being felt regarding injurious effect freezing 
the concrete. 
General Considerations 
trenches, order prevent water from percolating below the arches and 
starting erosion. One must also assured the bearing value the 
material under the buttresses, that irregular settlement will occur. the 
The arches and buttresses high multiple-arch dams should founded on, 
and well “keyed” into, solid rock, provide safety against sliding between 
masonry and foundation. 
Spacing the smaller the spacing between the 
buttresses, the less concrete multiple-arch dam contains. For practical 
reasons, however, there minimum thickness, both for arches and but- 
tresses, and the cost form work becomes excessive for short spans. 
general, wider spacing between buttresses will found more economi- 
eal for the higher dams than for the lower ones. 
Slope Water Face—Multiple-arch dams depend for stability largely 
the water pressure acting the sloping up-stream face. most existing 
“Construction Progress the Hetch Hetchy Water Supply San 
LXXXV (1922), ing 
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dams this type, the arch barrel has slope 50° with the horizontal. 
Some engineers rely flat arch slope and the corresponding vertical water 
load provide safe coefficient friction, although the buttresses may 
well “keyed” into the bed-rock and, therefore, safe against sliding. 
Others the buttresses for shear, and them accordingly. 
Thus far, uniform practice has developed with regard sliding 
shear, some designers requiring sliding factor 0.65 0.75, whereas, 
for the Gem Lake* and the Lake multiple-arch dams, 
sliding factors 0.80 and more have been used with safety. 

For buttresses founded material other than solid rock, the danger 
from sliding has considered carefully, and very conservative sliding 
factor should adopted for the design. 

Shape the inclination the arches, the load 
not distributed uniformly from the crown the abutments, because the 
arch crown always higher elevation and, therefore, has sustain 
less water pressure than corresponding parts the abutments. The difference 
load the same arch very pronounced near the crest dam, but 
becomes little importance toward the bottom. the weight 
component the arch, which acts the arch, maximum near the 
crown and diminishes zero the abutments. This tends equalize the 
load distribution the arch. The correct shape the arches will found 
making the arch axis coincide with the equilibrium polygon. 

The lower end the arch barrel may investigated the method 
combined cantilever and arch action. Even this not considered necessary, 
the cantilever should reinforced vertically bars well anchored the 
foundation. 

Division Arch Weight—The weight the arch barrel should 
assumed divided into two components—one acting the inclined arches 
and always normal the face the and the other acting the 
direction the arch barrel the foundation. 

Stresses the Arches.—Owing the unevenly distributed load acting 
the inclined elementary arches, the only correct method finding the arch 
stresses that applying the elastic theory, for instance, manner 
similar that given textbooks arches. general, may permis- 
sible caleulate the arch compression stresses the well-known cylinder 
formula, and include approximately the component the arch weight 
assuming the mean water pressure between the crown and abutments each 
arch acting uniformly over its entire length. 

The stresses from rib-shortening and variations the arch temperature 
should determined carefully all elevations. Where such 
show that tensile stresses are likely occur, the arches should reinforced 
adequately. 


Transactions, Am. Soc. E., Vol. LXXXI (1917), 850. 
Engineering News-Record, September 1919, 464. 


News-Record, September 1919, 465 


. 


1068 IMPROVED TYPE MULTIPLE-ARCH DAM 

Buttresses—The buttresses are first given trial dimensions, for which 
examples existing dams may some assistance. thickness about six 
1.25 ft. the crest probably the minimum that should used, and 
lower elevations the permissible unit stresses may determine the shape and than 


thickness the buttress. trial section first analyzed, most conveniently 
graphical method, and the thickness and down-stream batter the 
buttress changed until the stresses are near the allowable limit. 

For high dams and long-span arches, the reaction the arches the 
buttresses may determine the minimum thickness the buttress heads. 

The quantity reinforcement the buttresses and counterforts, and 
the spacing and size the horizontal braces between the buttresses are 
left the judgment the designer, rule can given. Examples 
existing dams may prove helpful the selection these data. 

may stated that the buttresses are probably the weakest part 
multiple-arch dams the older type. Although the stresses and correspond- 


ing factor safety the arches may determined with fair accuracy, 
the fact remains that the function high buttresses somewhat indeter- 
minate, and their stability depends largely the dependability the braces 


between them. For dams higher than 125 ft., the buttresses become very 
large, and great deal bracing required prevent failure buckling. 
Consequently, for such high dams, the unit stresses the buttresses must 
kept low, the same for columns which the permissible unit stresses are 
lowered the length column increased. The cost such multiple- 
arch dams, therefore, increases rapidly for heights more than 125 ft. 


Proposed Improvements 


The buttress piers the improved type multiple-arch dam consist 
double walls with cross-walls suitably spaced. pier, therefore, may 
imagined consisting combination H-columns and structural channels. 

Fig. shown the sectional elevation such multiple-arch dam, 
and two different types the new buttress piers. The structural shapes 
the and are shown different kinds shading Section A-B, Fig 
Such buttresses may designed economically for safe column action for 
dam practically any height, placing the two buttress walls sufficiently 
far apart. rule, the ratio between thickness column and maximum 
height should not less than one-twelfth one-fifteenth. Heavy reinforcing 


bars, placed the intersection the flanges and webs the assumed and The 
and well tied together, are particularly effective account the long lever slab, 
arm which they work. also good practice place reinforcement, 
directions, near the outside both buttress walls, one set bars vertical 
and the other set parallel the arches. this manner, structure small 
great lateral strength obtained. cons 

addition the cross-walls, webs, between the two buttress walls, the 
flanges, advisable, also, provide short struts between the flanges, arch, 
order stiffen them better against each other. The distance between the 


the cross-walls should chosen that, toward the bottom, where the highest sure 
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column stresses occur, the flanges any not project more 
six eight times the thickness the flange each side the web. 

Such H-column buttress is, course, much safer against buckling 
than ordinary buttress containing the same quantity concrete. 


Highest Water Level 


Water Level {Crest of Spiliway 


Crest of Dam 


\ 
4 Holes 


Reinforcing 
Bars 
‘Depth of 


BUTTRESS PIER SECTION 
WITH PARALLEL WALLS 


Thickness,t 


Qne-sided Arch Thrust 


at 


‘Arch Thrusts 


BUTTRESS PIER 
WITH DIVERGENT WALLS 


SECTION A-B 
Fic. 


The up-stream side each buttress may constructed straight 
slab, or, the shape arch such that shown Section A-B, Fig. 
advantage make the radius and the angle opening this small 
such that the resultant the thrusts from the large arch and the 
one almost parallel the buttress walls. The small buttress arch 
preferably with horizontal tie, that, case failure 
the large arch, this tie would carry the unbalanced thrust the small 
arch, thus preventing from breaking. Small openings must provided 
the buttress walls suitable places, order prevent unbalanced pres- 
them from back-water below the dam. 


on 3 \ 
VERTICAL SECTION AND ELEVATION SECTION C-D 
Arch 
_ 
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believed that the buttresses the new type described offer the fol- 


lowing advantages: 


can built that safe column action insured, with 
danger from buckling. 

bracing necessary between the individual buttress piers. The 
saving this item very large for high dams. 

3.—Increased safety dam under normal load conditions and case 
accidental overflow part failure arch buttress. 


buttresses may increased, desired, suit local con- 


ditions. For dams more than 100 ft. high, spacing ft. between 
buttresses will very economical. 

5.—Higher unit stresses may used the buttresses account 
the lessened danger from buckling. 

reinforcement the buttresses utilized very efficient 
manner because, bending any tendency buckle, the steel acting 
long lever arm. 

well-designed and constructed multiple-arch dam with 
wall buttresses correct proportions, built safe foundation, has factor 
safety least four five, which more than twice that straight 
gravity dam. 

Design Buttresses—The first consideration the design 
arch dam with double-wall buttresses determine the space between the 
walls the highest buttress pier that safe column action insured. 
rule, the proportion between the lateral width and height this pier should 
between one-tenth and one-fifteenth. some cases, may desirable, 
also, make the buttress walls each pier divergent, rather than parallel, 
such manner that the resultant thrust from one arch about parallel 
the opposite buttress wall, illustrated Section A-B, Fig. 

Thus, case failure one arch, the unbalanced thrust the other 
would appear cared for with safety. Except for special cases, may 
found more economical use parallel walls sufficiently far apart. 

The stresses the buttresses may calculated manner 


that for ordinary buttresses and neglecting the foundation pressure the 


arch barrel. will more correct, however, consider one arch and the 
corresponding halves the abutting buttress piers one unit (monolith). 
The fact that the arches and buttresses are generally tied together firmly 
reinforcement and the bond the favors this assumption. 
paper the writer describing method calculating the stresses for such 
U-shaped structure has been published.* This method will illustrated 
subsequently more detail practical example. 

Wind stresses must carried the H-columns and the the but 
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tresses, which must reinforced accordingly. general, the wind blowing 


down the canyon, parallel the axis the dam, will produce little 
unbalanced pressure the buttresses. The full force wind less than 


“Gravity and Action Curved Dams”, Transactions, Am. Soc. 
LXXXIV (1921), 
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45° the sides the buttress walls strikes only comparatively small part 
the buttresses. The unit pressure the exposed surface each buttress 
will have judged according local conditions. 

safe, unyielding foundation essential for multiple-arch dam 
for any other masonry dam. The danger from uplift reduced consider- 
ably dams this type. Water that may seep under the dam will escape 
readily the air side the arches without affecting the buttresses very much. 

The question whether the buttresses should calculated against sliding 
shear still dispute. evident that sliding the dam the 
foundation practically impossible the arches and buttresses are “keyed” 
for several feet into solid bed-rock, which may also roughened and stepped, 
that any appreciable movement impossible without either the rock 
the masonry being Sliding the buttresses along horizontal planes 
higher elevations also highly improbable, least with the usual coef- 
ficient friction applied sliding between two separate bodies. 

well known, however, that shear plays important part concrete 
structures, and certain considerations induced some engineers design the 
buttresses multiple-arch dams against pure horizontal shear and neglect 
the vertical compression forces. 

Three distinct kinds shear may occur structures: pure shear; 
second, shear combined with tension; and, third, shear combined with 
compression. 

Pure shear may occur short beam loaded such manner that little 
tension from bending may develop, illustrated Fig. 
strong pure shear, tests having shown shearing strength 80% 


fol- 
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factor 
traight 


ultiple- 
the 


should 


the compressive strength* or, about 1200 1500 lb. per sq. in. for 1:3:6 

parallel 

other 

may 

similar Diagonal Tension 

and the 

firmly 

jon. Shear combined with tension most frequently near the supports 

such beams and girders. the structural designer these phenomena are com- 

monly known “diagonal tension”. (See Fig. 3.) such cases, most build- 
codes allow shearing stress per sq. in. for plain and 

the lb. per sq. in. for concrete adequately reinforced. Tests made very deep 

blowing girders the Emergency Fleet Corporation, however, showed shearing 

Strength 950 Ib. per sq. in. without web reinforcement, and 1200 

ess than per sq. in. with the webs reinforced adequately.t 

“Reinforced Concrete Construction”, 1st Edition, Vol. 19. 


Engineering News-Record, February 27, 1919, 430. 
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Diagonal tension great importance concrete design, because the 
shearing forces within the beam combine with the tension produced the 
bending moment, and the resulting force the so-called diagonal tension. 
fails tension about 200 lb. per sq. in., such diagonal tension 
that referred usually the cause the failure concrete beams, 
and for this reason the permissible unit stresses for shear combined with 
tension are low. also evident that two planes which should transmit 
shearing stresses, and which tension forces tend separate, cannot 
effectively tension occurred and compression were forcing the two 
planes together. 

This latter condition occurs, fact, the buttresses multiple-arch 
dams, illustrated Fig. 

The weight the dam and the water pressure which acts perpendicularly 
the inclined up-stream face the dam, produce compression all points 
the buttress, that shear can occur only connection with compression. 
appears, therefore, that such “diagonal compression” should give strength 
far greater than that which could expected case diagonal tension. 

further support the contention that safely founded buttresses 
should calculated neither for friction alone nor for shear alone, but instead 
for diagonal compression, the following reasoning offered: Assume 
buttress cut horizontal plane, with surfaces just sufficient smooth- 
ness develop coefficient friction 0.75. sliding would occur the 
proportion between horizontal and vertical force was less than 


buttress, therefore, under normal conditions, would act horizontal 
cut existed. then logical assume that buttress without such 
artificial sliding plane would receive considerable assistance from 
resistance before the “friction” planes through the solid concrete was 


overcome. 

Otherwise, the following condition might occur: Assume buttress for 
which the unit shear horizontal planes excess the ultimate strength, 
but for which the proportion between horizontal and vertical load such 
insure safety against sliding (sliding coefficient, 0.75 for smooth planes). 
Thus, would appear that failure should occur due excessive shear, but 


that almost immediately any movement would halted virtue the 


frictional resistance. 


The truth is, that for the buttresses multiple-arch dams, the so-called 


“horizontal shear” combines with the compression forces and forms what 
known the “maximum inclined”, “ideal maximum”, stresses. 

The problem finding the intensity and direction the ideal maximum 
stresses gravity dams has been solved analytically excellent 
William Cain, Am. Soc. E.* The equations developed 
Cain also apply, with certain modifications, the buttresses multiple- 
arch dams. 


excellent graphical method for determining the ideal maximum 
the buttresses multiple-arch dams was published recently Professor 


Transactions, Am. Soc. E., LXIV (1909), 208. 
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Guidi, the University Torino.* considering the combined action 
compression and shear, possible, this method, ascertain for any 
point buttress the intensity the occurring stresses any direction. 

general, tension excluded for all horizontal planes through the but- 
tresses multiple-arch dams. may then proved that the ideal maximum 
stresses occur the down-stream end any horizontal section through 
buttress, and that their direction parallel the down-stream face the 
buttress. 

The following formula was derived for calculating the ideal maximum 
stresses the down-stream face buttress: 


which 
ideal maximum stress; 
vertical compression stress; and 
batter down-stream face buttress (for the basis 10). 


Thus, after the vertical compression stress, has been calculated for 
buttress the usual manner (“middle-third” “monolith” method), add 
this stress the percentage which corresponds the square the down-stream 
batter, This gives the ideal maximum stress which likely occur 
such buttress. For example, for buttress having down-stream slope 
3in 10, add 

Thus, may concluded that buttresses multiple-arch dams which are 
founded and well “keyed” into solid rock, are investigated only for 
compression (ideal maximum compression) and column action. 
shear” friction may then considered coincidentally being taken care 
safely. 

order avoid the possibility sliding along construction joints, 
reliance placed the bond between old and new layers concrete, such 
joints should stepped and inclined form angle, with the 
resultant the forces above the joint, such that cot the coefficient 
friction. For example, for coefficient friction 0.75, cot 0.75, and 
degrees. Construction joints and foundation, therefore, should 
stepped make angle 53° more with the resultant. For 90°, 
neither shear nor friction occurs such planes, the resultant acts per- 
them. Incidentally, certain inclination the construction 
joints will also prevent the accumulation layers laitance, surplus water 
will flow toward the lower elevations and can removed readily. 

Although perhaps theoretically unnecessary, nevertheless advisable 
place liberal quantity steel reinforcement near the outside faces the 
buttresses, order prevent shrinkage ‘Such reinforcement will also 
increase the safety the buttresses against buckling and wind pressure. 


2 


delle Dighe per Laghi Artificiali,” Torino, 1921. 
formula identical with the equation derived Professor Cain, Transactions, 


E., Vol. LXIV (1909), 222, fsec which the angle the down-stream 
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elementary slices the arch barrel may con- 
sidered hingeless elastic arches. The material (usually reinforced 
concrete), and the thickness the arches, are generally such justify, for 
purposes design, the same theory and assumptions used bridge design. 

mentioned previously, the shape all these arches should such that 
the arch axis coincides closely possible with the line pressure result- 
ing from the loads. This would give arches varying curvature from the 
crest the bottom the arch barrel, thus making the form work extremely 
complicated and expensive. general, three-centered arch will fit the 
equilibrium polygon fairly well near the crest the dam, and, lower 
elevations, the arches may circular. 


The arches multiple-arch dams are generally thin compared with their 
radius and span. The well-known cylinder formula, therefore, will suf- 
ficiently accurate for such thin cylinders, least for determining the direct 
arch stresses. 

Let, 

algebraic mean vertical distances below the water surface 
the crown and the abutment the arch slice under considera- 
tion; 

up-stream radius; 

radial arch thickness; 


compression stress, pounds per square foot. 
Then, 


For practical reasons, the arch thickness should least in. 
the and may uniform thickness for number feet below the 
crest, until the stresses Equation (1) equal the allowable limit 
for direct compression. From this point, the arch thickness increases 
proportion the depth. the thickness the arches determined this 
manner, that is, assuming for Equation (1), the mean depth abut- 
ments and crown the arches below the crest, the component from the arch 
weight may considered taken care safely, except for the lower 
arches high dams, for which the calculations may have modified 
slightly. 

Arch Deformation the direct arch stresses, which may 
the formula, the so-called “deformation stresses” that 
result from rib-shortening, change temperature, shrinkage, etc., must 
considered. These deformation stresses may calculated the elastic 
theory, described textbooks arches. excellent paper circular 
arches Professor Cain, has been published,* which gives theoretically exact 
formulas for the arch deformation stresses. 


Circular Arch Under Normal Loads”, Transactions, Am. Soc. E., Vol. 
(1922), 233. 
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The writer has derived some formulas and diagrams which the deforma- 
tion stresses the circular arches dams can easily The 
deduction approximate formulas was given paper the writer, entitled, 
“The Relation between Deflections and Stresses Arch has since 
had occasion some those approximate formulas and coefficients 
more accurately for designing purposes. 

Fortunately, the final equations are simple the approximate ones given 
previously, the difference being coefficient, for which curves will given 
subsequently. 

Stresses from circular arches constant thickness, 
supporting uniform radial load, the condition for the elastic deformations 
given the equation: 


which, 


M,, and moment, normal force, and shear force, respectively, 
any section, the arch; 


co-ordinates 
length arch element; 
angle inclination axis arch element and 
horizontal x-axis; 
modulus elasticity; and 


The shear force, equals sin which negative thrust 
pull due rib-shortening. 


From Equation (2), through various calculations, the negative thrust, 


can obtained, 


which radial thrust due water pressure for arch ft. height. 
manner similar that given the paper referred previously, 
shorter equation may found for 


Transactions. Am. Soc. E., Vol. LXXXV (1922), 284. 
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which, 
axial arch stress due water pressure (cylinder formula) 
rise arch; and 
coefficient, calculated and plotted Fig. for various propor- 


tions and central angles from 180 degrees. 


Coefficients, 


The thrust, acts horizontally the center gravity the whole arch 


the distance, from the crown (Fig. 7).* 


the respective lever arm, The stresses due therefore, are, 


Section modulus 


the two points, where arch axis. The 
stresses, therefore, are minimum those points. general, therefore 
will necessary only the deformation stresses the 


and the abutments, where they are maximum. 
*See also Fig. Transactions, Am. Soc. E., Vol. LXXXV (1922), 238. 
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The center gravity, which acts, nearly* distance, from 
the crown and from the abutments. Furthermore, for flat arches, 
near the unit, and the direct stresses from for high-rise arches, are 


generally small compared with the bending stresses. Consequently, simple 
formulas may derived. 


percentage oO 
Abutments 


the abutments, 


Rib-shortening causes pull negative arch thrust, thus near the crown 
producing tension the intrados and compression the extrados. Near 
the abutments the tendency produce tension the extrados and com- 
pression the intrados. 

Equation (6), the upper sign gives the deformation stresses the 
intrados and the lower sign the extrados. For Equation (7), the upper 
sign gives the stresses the extrados and the lower sign, the stresses the 
intrados. Plus stands for compression and minus for tension. 

The quantities, and are measured feet, and preferably given 
pounds per square inch, which unit also obtained. 

Equations (4), (6), and (7) show the important part played the value, 


the calculation arch deformation stresses, that is, the proportion 


between thickness and rise arch. evident that for thick and flat 


two curves Fig. show the error made the assumption that the thrust, 
acts one-third the rise the arch from the crown, instead the center gravity. 
For instance, for central angle 120°, the bending moment the crown obtained about 
too small and the abutments about too large. desired, these corrections may 
applied the proper manner the results from Equations (6) and (7) obtain more 


correct results. general, the difference small that, for practical designs, can 


(approx.) 
Add percentage} Subtract 
the crown the stresses from rib-shortening are, 
arch 
rtion 
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arches (large and small the stresses from rib-shortening may become very 
considerable. 

Stresses Resulting from Change Temperature, Shrinkage, uni- 
form variation the arch temperature produces thrust, acting hori- 
zontal direction through the center gravity the arch. Applying the theory 


the hingeless elastic arch this case, the following equation for the thrust, 


which, 
change arch temperature, degrees, Fahrenheit; and 


Owing the similar nature the deformation thrust, which results 
either from rib-shortening temperature changes, the coefficient, Equa- 
tion (8) the same that Equation (4); therefore, taken from 


the curves Fig. for any value and central angle, 


manner similar that for rib-shortening, the following 
formulas for temperature variations may derived: 
the crown, 


and the abutments, 


rise the arch temperature degrees produces positive arch thrust, 
thus the crown producing tension the extrados and compression the 
intrados. Near the abutments, the tendency produce tension the 
intrados and compression the extrados. 

drop the arch temperature degrees, corresponding shrinkage 
the concrete, produces negative thrust, pull, and the crown, tension 
will occur the intrados and compression the extrados. the abutments, 
there will tension the extrados and compression the intrados. The 
upper and lower signs Equations (9) and (10) must interpreted 
ingly. 

The practical use Equations (6), and (10), connection with 
the curves Fig. will illustrated subsequently should 
noted that these formulas are valid only for arches that not have any 
open tension cracks. 

slight deviation from the fundamental assumption regarding uniform 
arch thickness, for instance, providing haunches the arch abutments, 
will not change materially the results the stress formulas, calculations 
have shown. 


Transactions, Am. Soc. E., Vol. LXXXV (1922), 305, and discussion 
Miller, Assoc. Am. Soc. E., pp. 
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For the thin arches multiple-arch dams, both the daily and the seasonal 
variations the temperature the air and water may felt. Thus, for 


considerable daily change the arch temperature dam with 


the arch barrels sloping down southerly direction may occur when the 
reservoir nearly empty. The direct rays the sun may heat the upper 
arches practically throughout, and during the night much this heat may 


lost radiation case occasional showers. Such sudden changes 
the arch temperature should considered the design. general, the 
seasonal changes will give the absolute maxima and minima, particularly for 
dams where the reservoir may empty occasionally either during winter 


summer. The seasonal variations the arch temperature for reservoirs 
filled the will generally much less than for those with empty 
reservoirs, and daily variations may not occur any marked degree. The 


arches will then probably have approximately the same temperature the 


water the various depths. 

measurements temperature changes multiple-arch dams are 
known have been made, and, for the present, every designer must use his 
own judgment. 

Engineering Foundation has recently appointed committee engineers 
investigate the deflections and stresses arch and multiple-arch dams. 
Suitable apparatus for measuring the temperature variations the arches 
multiple-arch dams are also being installed several existing structures, and 
hoped that reliable data the temperature range such dams will soon 
available. 

Maximum Stresses order the maximum com- 
pression and tension stresses the arches, various factors must considered. 

The largest stresses the arches result from the following combinations: 

(a) Maximum direct arch compression from water pressure (reservoir 

full); 

(b) Deformation stresses from rib-shortening due the maximum arch 
compression 

(c) Deformation stresses resulting from the maximum drop tem- 
perature 

(d) Deformation stresses resulting from shrinkage the concrete 
(generally neglected for reinforced concrete arches, combined 
with drop temperature). 

further necessary calculate the deformation stresses resulting from 
the maximum rise and drop temperature above and below normal the 
time the reservoir empty. This may produce considerable tension stresses 
the crown and the abutments. 

Most dams are under maximum pressure only during those comparatively 
times when the spillways discharge the greatest quantity flood-water. 
With the reservoir filled the crest, the arches support the greatest water 
Pressure that reasonably may expected, and the deformation stresses from 
are also maximum. The minimum arch temperature will 
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occur the same time only rarely, and for many dams perhaps never. 
long special must considered, the design the arches 
multiple-arch dams for the following conditions may therefore justified: 
full crest dam, and arch temperature lowered 
one-half the seasonal minimum; 
2.—Reservoir full crest spillway, and arch temperature the 
minimum; 
3.—Reservoir empty, and arch temperature the maximum; 
empty, and arch temperature the minimum. 

Where such calculations indicate considerable tension stresses, the arches 
should reinforced adequately. 

Factor Safety Dams.—It difficult describe what really under- 
stood the expression “factor safety” dam. unthinkable that, 
for high storage dam, the load should ever become increased accidentally 
two fourfold, cause the failure structure having factor 
safety two four. Flood overflows will increase the pressure dam only 
asmall amount. For certain reservoirs, however, ice pressure the accumula- 
tion silt may produce additional loads the structure, for which allowance 
should made the design. 

With storage dams, the “factor safety”, therefore, needed mainly 
order cover the uncertainties the assumptions design, and give 
ample insurance against possible mistakes workmanship during construction. 

Some engineers feel apprehension regarding the effect earthquakes 
multiple-arch dams. Thorough investigations, made after the earthquake 
San Francisco, Calif., 1906, and various occasions Italy, have led 
the conclusion that reinforced concrete structures resist seismic disturbances 
very much better than those built masonry plain This due 
the fact that reinforced concrete more flexible than plain concrete, and 
the reinforcing steel will take tension stresses under which plain concrete 
would fail. Multiple-arch dams with liberal amount reinforcement 
arches and buttresses, therefore, will least safe under seismic dis- 
turbances masonry dams any other type. 

The stability most engineering structures depends two distinct fac- 
tors: First, the adequacy and safety the material the foundation, and 
the nature the contact between this material and the structure; and, second, 
the stresses the structure due its weight and the loads and other influ- 
ences which may acting it. other words, distinction should 
made for the factor safety regards “external stability” and “internal 
stresses”. For example, dam built inadequate foundation may 
doomed failure notwithstanding that perhaps the structure itself was 
design, with low unit stresses the masonry. 

Concrete good quality has ultimate strength far greater than the 
compression that likely occur solid gravity dam moderate 
height. evident, therefore, that for such dams for which tension stresses 
are excluded, the “internal stresses” are comparatively little importance, 
because the factor safety the “external stability” governs almost 
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every case. For this reason, the greatest attention and care required for 
constructing such dam should devoted procuring adequate founda- 
tion conditions, particularly avoid uplift. 

one the great advantages multiple-arch dams that the danger 
uplift practically eliminated. Furthermore, any sliding between but- 
tresses and foundation may prevented excavating for the buttresses 
substantial trenches suitable depth extending into sound bed-rock, and 
embedding the buttress footings securely such trenches. For these rea- 
sons, much higher degree safety, with regard the external stability, 
can obtained for multiple-arch dams than would practicable for gravity 
dam. For buttresses founded rough trench, the friction along the base 
resists sliding, and the rough surfaces the side-walls the trench, also, 
would evidently tend halt any sliding movement. obvious, therefore, 
that there practically necessity for the sliding factor for 
buttress footings which are keyed into deep trenches excavated sound 
bed-rock. 

virtue the sloping up-stream face and the dimensions the but- 
tresses, the overturning moment much less importance for multiple-arch 
dams than for gravity dams. fact, for most types buttressed dams, the 
neutral axis for the foundation area lies considerable distance stream 
from the base, and the water pressure could increased considerably before 
tension would develop the heel. 

These various factors would appear give multiple-arch dam factor 
safety regards external stability which much higher than that 
gravity dam. Inasmuch good bed-rock general considerably stronger 
than the masonry which dams are built, apparent that the external 
stability multiple-arch dam practically any height established 
priort margin sufficiently large for all carefully founded dams this 
type. This being recognized fact, the question internal stresses and 
corresponding safety dam has investigated according the estab- 
lished principles structural design. 

The statical conditions multiple-arch dams are simple, 
and the design such structures does not offer any unusual difficulties the 
engineer familiar with structural problems. The arches may designed 
have any desired factor safety. For high multiple-arch dams the older 
types, the stability the buttresses indeterminate, account the tend- 
ency buckle, which exists for thin and high buttress walls. This uncertainty 
believed practically eliminated for double-wall buttresses, they may 
designed for safe column action for dams practically any height. 

also believed that the problem “horizontal shear” solved satis- 
factorily combining the horizontal shear with the vertical compression 
forces, thus permitting the determination the ideal maximum stresses 
the buttresses. What the factor safety ‘of high dam should still 
question. For gravity dams, safety factor accepted sufficient. 

believed, therefore, that would unreasonable require factor 
safety more than, say, four five, for multiple-arch dams, and the 
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upper limits for the permissible unit stresses the concrete should accord 
with this. large overload impossible, which the case for high 
storage dams, factor safety four sufficient, and any material used 
for increasing the factor considerably more than four, may regarded 
unnecessary waste. The importance structures this kind warrants careful 
considerations, which, however, should manifested concentrating 
good design, and corresponding workmanship during construction, rather 
than seeking refuge behind large factor ignorance, assuming 
low unit stresses and thus necessitating large waste material and time 
for construction. 


THE River, ARIZONA 


The dam which particular reference will made example this 
paper was designed for the Horseshoe site the Rio Verde about miles 
above the Granite Reef Diversion Dam the Salt River Project, Arizona. 

Under the terms special contract, the plans for this dam were sub- 
mitted and received the approval the Reclamation Service, due 
the improvements which were made with regard the design the arches 
and the double-wall buttresses. was suggested, however, that the sliding 
factor between buttresses and bed-rock should not more than 
This factor will effected filling the lowest parts the space between 
the buttress walls with very lean concrete. 

the time the Roosevelt Dam was built, the construction another 
storage dam was contemplated the Horseshoe site the Verde River. The 
the Roosevelt Reservoir, however, proved sufficient for the 
Salt River Project, and, action the Secretary the Interior, the Horse- 
shoe site was assigned the Paradise Verde Irrigation District, which con- 
templates the irrigation about acres land north Phenix, Ariz. 
Alternative designs, determine the relative costs gravity, 
and multiple-arch dam, showed the the multiple-arch dam about 
one-half that gravity dam, and much less than that rock-fill dam. The 
rock formation the site consists number lava beds considerable 
thickness. Diamond-drill borings great depth have revealed the rock 
well suited for the foundation multiple-arch dam. 

Fig. shows the plan and the down-stream elevation the which 
about 210 ft. high. The main structural features are the 
tresses, which are ft. apart. The arches and the stresses 
lated for axial pressure, rib-shortening, and temperature. Plate 
various sections and details. 


Arches 


Considerations general nature the adoption up-stream 
slope 48°, and spacing ft. between centers buttresses. The maxi- 
height buttress about 210 ft., uniform. distance 8.0 ft. 


q 
| 
4 
< 
i 
con 
; 
4 
; 
£ 
& 


high 
used 
reful 
ather 
ming 
time 


sub- 
rches 
0.65. 
ween 


other 
The 
the 
orse- 
con- 
Ariz. 
<-fill, 
bout 
The 
rable 


but- 
aleu- 
hows 


ream 
ft. 


1"9 Anchor 


Maximum Water Level E1,2059- 60 


Capacity of Spillway = 240 000 See.Ft. 


Q 


~ 


reement 


rout Holes CENTER LINE BETWEEN BUTTRESSES 


o 
SECTION A-B 


C.L.Buttress 


TOP VIEW 


PAP 


Note: 
Extrados of Arches 
Circular 
at all elevations 

below 1925 


Arches 
1:2:4 Concrete 


Construction 
Joint 

Buttress 
1:23¢:5 Concrete 


= 

> 


TYPICAL SECTION A-B 


Scale, in feet 


Arch 


[Bars marked BY A | markea B A 


Elevation 


2059-2000 


1950-1900 


Note: Distribution Bars 
All Reinforcing Bars plain round with 


q 
7 
To suit{ 
conditions, 
' a 


Srest of Dam 
El. 2059 


Note: 
Extrados of Arches 
at all elevations 
Joint 
Buttress | 59° 
1:23¢:5 Conerete 
TYPICAL SECTION A-B 
River Bed = 
SECTION C-D 
Dam 
C.L.Buttress 


Elevation | Crown 


1950-1900 
below 1900 | 18°0.e, 
Note: Distribution Bars 
All Reinforcing Bars to be 


LA 
= 
Ve 


PLATE 
PAPERS, AM. SOC. 
AUGUST, 1923. 
NOETZLI 
IMPROVED TYPE 
MULTIPLE-ARCH DAMS. 


SECTION A-B 


le, feet 


Arches 
1:2:4 Concrete 


Construction 
Joint 


Buttress 
1:234:5 Concret 


Vertical and Inclined 


Vertical and Inclined 


Dam 


teinforeing Bars to be plain round with Hooks on both Ends 


C 
Gd A AL 1:2:4 Concrete 
235" 
aN 
the 
SECTION 
REINFORCEMENT 


the 


about 

for 
arches 
arch 


in feet 


=) 
a 


s © 
6 


Q 


a8 | | 
20 
2050- 
2060- 
| | 
| 
| | 
| 
| 
| 
wel 
men 
this 
| 


Papers.] IMPROVED TYPE MULTIPLE-ARCH DAM 1083 


the H-column about for section the middle the column, and 
for section the base, which resulted span about ft. 
for the extrados the arches. order minimize the side thrust the 
arches much practicable, and the same time diminish the secondary 
arch stresses resulting from rib-shortening and temperature, arch with 
rise about ft. was selected. 


<—Spillway of 240 000 sec. ft. Capacity 
2000 ft. west of Dam 


1900 


2066 \ 


3 Scale in feet 
3 


0 100 300 500 


=... of Dam 


= 


LOOKING STREAM 


maximum unit stress 400 lb. per sq. in. was chosen for axial arch com- 
pression. For practical reasons, the minimum thickness the arches was 
made in., and, order provide additional strength for the arch barrel 
near the crest, where uneven loading occurs, due the inclination the 
elementary arches, the crest arch was widened and auxiliary arch was 
added about ft. below the crest, shown Plate 

The shape the arch and the stress diagram the water pressure and 
weight arch, are shown Fig. for the elementary arch with the crown 
adepth ft. below the water surface. 

The stresses the arches this dam were calculated the methods 
developed the first part this paper. For the Horseshoe Dam, the abut- 
ments the inclined elementary arches are about ft. below the crown, 
this figure being the same for all elevations, except points near the crest. 
For example, Elevation 1975, the head water the abutment 059— 
1975 ft., and, the crown, ft. The average radial load this 
arch, therefore, about: 


Elevation 2059 
7 2050 
2000 
1950 
1900 
11850 


1084 IMPROVED TYPE MULTIPLE-ARCH DAM [Papers. 


Furthermore, 


28.5 ft., 
2.38 ft., 
20.0 (assumed constant for all elevations). 


Axial Compression—By Equation (1) (cylinder formula) 


400 per sq. in. 


150° (approximately). 


Crown Thrust=24 000 Ib. 


= Equilibrium a 
Polygon 

DS, Die 
c\e 
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Horiz. Tie Bar\. Vertical 


1 Reinforcement 


Elementary Arches are 


inclined less than 42° Arch Span Extradoc*te'os Const. from Crest to Foundation 
with Horizontal 30. 


toc. Buttresses 


For these values and the curves Fig. give 0.65. 
the crown (Equation (6)): 


lb. per sq. in. (tension) intrados, 
Ib. per sq. in. (compression) extrados. 
the abutments (Equation (7)): 


129 lb. per sq. in. (tension) extrados, 
per sq. in. (compression) intrados. 


and 


and 
the 
t 2.38 
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Horseshoe Dam part Arizona where the daily 
and seasonal temperature variations are large. was assumed, therefore, that 
the maximum changes the average arch temperature would follows: 


reservoir full, crest dam, maximum drop arch 
temperature 25° Fahr. the crest, decreasing propor- 
tion the depth 10° Fahr. stream bed (Elevation 1896) 
and below. 

2.—For reservoir full crest spillway (14 ft. below crest dam), 
50° Fahr. top dam and 20° Fahr. stream bed and 
below. 

3.—For reservoir empty, 50° Fahr. crest and 20° Fahr. stream 


bed and below. 


For the arch under consideration (Elevation 1975), with reservoir full 
crest dam, the change temperature considered, therefore, would 
Assuming, further, 
lb. per sq. in. 
the crown (Equation (9)): 
Ib. per sq. in. (tension) intrados, 
per sq. in. (compression) extrados. 
the abutments (Equation (10)): 
Ib. per sq. in. (tension) extrados, 
Ib. per sq. in. (compression) intrados. 
The stresses due the combined effect water pressure, rib-shortening, 
and drop temperature are, therefore: 


the crown, 


the abutments, 


400 129 210 per sq. in. (compression) extrados, 
400 121 579 per sq. in. (compression) intrados. 


should noted that the arches are doubly reinforced and are provided 
with haunches the abutments, that the true stresses the springing line 
are somewhat smaller than those obtained the calculations presented. 

the lower elevations the water pressures the crown and the abutments 
the arches become relatively more nearly equal, and, addition, the weight 
the arches tends equalize the load distribution still more. Consequently, 
the inclined arches are preferably made circular for the lower elevations 


1086 IMPROVED TYPE MULTIPLE-ARCH DAM [Papers. 


high multiple-arch dams, order that the arch thrust may coincide closely 
practicable with the center line the arch. 

For the dam under consideration, the highest arches are three-centered, 
with small haunches the extrados near the springing line, shown Sec- 
tion Plate III. lower elevations, the haunches are gradually 
increased size, and, for the deepest part the dam, the extrados made 
true circular form ft. in.). The intrados curved from top 
bottom three-centered arch for the purpose increasing the thickness 
the arches the abutments, where the stresses from rib-shortening and tem- 
perature obtain their maximum values. 

mentioned previously, the line the arch thrust nearly true cir- 
cular form the lower elevations. The sharper curvature the intrados 
the abutments, therefore, will have the effect that the arch thrust from 
water pressure and arch weight intersects the cross-section the arch abut- 
ment somewhat eccentrically toward the water side. This “initial eccentricity” 
tends produce tension the intrados and compression the extrados. 
can utilized great advantage, therefore, for counteracting and balancing 
part the deformation stresses from rib-shortening and drop temperature, 
which have tendency produce compression the intrados and tension 
the extrados. 

The ratio between the rise and span the arches the Horseshoe Dam 
such that tension exists any point the arches when the dam under 
pressure, duly considering the effect rib-shortening and temperature. How- 
ever, small tension stresses caused temperature changes will occur when the 
reservoir empty. The arches are reinforced the upper elevations 
round bars, in. apart, the extrados and intrados, and, the lower eleva- 
tions, 1-in. round bars, in. apart, the extrados and intrados. 

The size and general arrangement the reinforcement are shown 
detail Plate III. Although the calculations show that practically steel 
would required for the arches this dam, largely because the efficient 
ratio between rise and span, was considered good practice use what 
believed minimum reinforcement for concrete arches this size. 
The fact that probably tension cracks the concrete will occur also assures 
perfect protection the steel from rusting, although this rather super- 
fluous precaution view the numerous examples successfully built 
reinforced concrete structures for holding water, such tanks, Ambursen 
dams, 

influence “flow concrete”, “time change modulus 
elasticity for higher stresses, will have the tendency decrease the 
maximum compression stresses, and beneficial, but allowance was made 
for such influences, too little known about them warrant definite 
assumptions. 


Buttresses 


mentioned previously, the supports the arches the Horseshoe Dam 
were designed H-column buttresses. The dimensions the highest but- 
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tress are shown Plate III. The ratio between thickness and height ranges 
from about and increases considerably for the buttresses lesser 
height that are nearer the side-hills. For buttress, the hollow space 
between the buttress walls amounts about 6000 cu. yd. 

The stress analysis for the buttress walls was made two different ways: 
First, the usual “middle-third” theory; and, second, the method 
monolithic” action. The first method does not require any explanation, 
given detail many textbooks dams. 

more logical, however, consider one arch and the two adjacent 
buttress walls one unit acting together, and the stresses for 
combined, “monolithic”, action. The standard formula for load, 


applies this case. This method may not give results absolute harmony 


with the but, any case, more accurate than the “middle-third” 
method and leans toward the side safety. 


further method has been given paper the writer,* and numerical 
example has been published 


For section the Horseshoe Dam Elevation 1855 below the 
crest), there was calculated the monolithic method (see Fig. 10): 
468 lb. per sq. 
per sq. in. 


The batter the down-stream face the buttress 1:10, and the ideal 
maximum stress, therefore, is: 


the “middle-third” theory, which considers only the buttresses and: 
neglects the pressure the arch barrel section, there was 


480 per sq. in. (compression), 
204 per sq. in. (compression), 


whereby f,’ supposed occur the buttress head. 

These neglect the action the enlargement the buttress 
walls immediately above the section considered (Elevation 1855) and also 
the The actual stresses, therefore, are somewhat smaller than 
those 

The buttress walls rest foundation slab twice the width the walls 
themselves. The pressures the rock foundation, therefore, are about one- 
half those for the walls, the weight the foundation slab 
neglected. Therefore, foundation pressure, the down-stream side: 


234 per sq. in. (compression). 


“Gravity and Arch Action Curved 
(1921), 44. 


Engineering News- -Record, June 15, 1922, 1009. 


Transactions, Am. Soc. E., Vol. 
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the up-stream side: 


lb. per sq. in. (compression). 


Notation: 

Weight Arch Barrel 

Weight Small Arches (Buttress Head) 

Water Pressure Arch Barrel 

Water Pressure Buttress Head 

Resultant all Forces 


a #4 


~~ 3354 ¥ 
Base =. Buttress Walls 91-7 
Note: 208 
Weights are given STRESS ANALYSIS 


1000 for ft.Span BUTTRESS ELEV. 1855 


Scale Feet 
10 20 380 40 50 60 70 80 90 100 


Neutral Axis 


Thiray 


per. sq.in, 
UMonolith Theory} 


f= 430 Ib 


= 468 Ib.per sq.in. 


10. 
From Fig. 10, seen that the neutral axis some distance from the 
up-stream side the foundation, and that the pressure the arches might 
increased considerably before tension the base the dam would develop. 
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Wind Pressure.—In addition the vertical loads and the reaction the 


arches the buttresses, lateral forces resulting from wind pressure may 
was assumed this case that pressure per sq. ft. acted 
angle 45° the sides the buttress walls. The buttress was 


assumed vertical beam, fixed the base, and freely supported near 
the crest. The highest buttress the Horseshoe Dam extends about ft. 
below the stream bed. uncertain what degree the back-fill gravel, 
will prevent bending moments the base, where the buttress walls may 
considered fixed and where, consequently, the bending moments would 
maximum. order demonstrate, for multiple-arch dams with 
column buttresses, that the wind pressure general supported safely 
the structural shapes and the following approximate calculations 
are offered. 

Assume the whole buttress exposed wind pressure from top 
base. The average “flange” width the down-stream about ft., 


the length between base and crest 204 ft., and the wind load 


212 per lin. ft. The bending moment the fixed end the base 
would be: 

212 204? 


The bending moment, counteracted 
the base two equal forces, acting approxi- 
mately the center the buttress walls 
the distance, d=13.6 ft., from each other. 


1855 


Consequently, 


11. 


The forces, act the total cross-section the “flange” the channel, 
and the unit stresses are, approximately: 

the center the vertical beam, where the danger the buckling 
the buttress due wind pressure might feared, the bending moment 
approximately four-sevenths that the base, and lb. per in. 

The actual stresses resulting from the wind acting only the exposed 
surface the buttress above the stream bed are smaller. further evi- 
dent that, for the parts the buttress nearer the arches, and for which 
the vertical beam shorter, the stresses from wind pressure are less than 
those caleulated for the extreme down-stream end the buttress. 

these the the buttresses was not con- 
sidered, and, theoretically, none would required. However, was con- 
sidered good practice reinforce the lower part each buttress wall with 


: 
2059 
2025 
1900 7 
1875 
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round bars, cross-wise, in. apart, and round bars the upper 
elevations. addition, round bars were placed opposite each other 
the webs the and shown Section A-B, Plate III. 

was not considered necessary desirable span horizontal braces 
between the individual buttresses. The action such braces would 
rather doubtful assistance for the stability the dam, such braces 
should called transmit stresses their points anchorage the 
side-hills. The Horseshoe Dam rather long structure, and, for instance, 
tension per sq. in., transmitted from the center the 
dam each side-hill over distance ft., would correspond 
lengthening, the stressed steel, of, 

000 


This distance more than the adjacent buttresses would able deflect 
laterally without serious trouble arising from such interference with pure 
column action. other words, probably only small part the stress from 
the brace tie under consideration would transmitted the anchorage 
the The major part would have carried the buttresses 
adjacent the stressed tie, and this might prove fatal their stability. 

order simplify much possible the form work for the arches, the 
following arrangement was made recent design multiple-arch dam 
260 ft. high. The curvature the intrados the arches was made uniform 
from the top the bottom the dam. The radius the extrados then 
varies accordance with the thickness the arches. The arch centering 
for the intrados will supported rails fastened the buttress heads, 
that can raised step step the arches are being built up. For this 
dam, the inside the buttress walls will battered and the outside vertical, 
order provide constant span (40 ft.) for the intrados the arches. 
The buttress heads will built the shape straight slabs for which, 
incidentally, the span decreases from the crest toward the bottom the dam 
where the pressure highest.. 

believed that this arrangement will facilitate greatly the standardiza- 
tion the form work adapting for the use panel forms, preferably 
steel. This would result considerable saving the cost such dams, 
and the placing the concrete could proceed maximum rate speed. 


Until recently, was believed many engineers that multiple-arch dams 
could not built economically for heights more than 125 150 ft. Such 
may the case for dams with ordinary buttresses which, account the 
danger from buckling, require much bracing and low unit stresses the 
buttresses for heights more than 100 ft. 


well-designed multiple-arch dam with double-wall buttresses may 


built safely and economically height 200 ft. and more. The curves 
Fig. show the quantities concrete required for gravity dam (Weg- 
mann’s Practical Profile No. 3), and multiple-arch dam the type 
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the Horseshoe Dam. Both curves are computed for section dam 
ft. long. 
Thus, seen that about four times much concrete required for 


gravity type for the multiple-arch dam, for any height 200 ft. 


For the Horseshoe Dam, comparative designs showed that curved gravity 
dam ft.) would require about 250000 cu. yd. masonry. The 


multiple-arch dam, with the buttresses ft. apart, will contain about: 000 


yd. 1:2:4 concrete the arches; 34000 cu. yd. concrete 
the buttress walls; and 6000 cu. yd. 1:3:6 concrete the foundation 


slabs below the buttress walls; total eu. yd. 


Volume Multiple-Arch Dam 


Volume Gravity Dam 


Height Dam, feet 


Ratio, 


000 


Volume, yards for foot length 
12. 

the cost per yard the concrete for multiple-arch 
not more than about twice that mass concrete for gravity dam, 
saving about 50% effected. 

Present-day prices materials and form work make the cost the con- 
crete for multiple-arch dams comparatively high. has been stated,* that the 
price paid the contractor for the construction the Mountain Dell multiple- 
arch dam, Utah, 1916-17, was $8.50 per cu. yd. for 1:2:4 concrete 
the arch rings, and $7.20 per cu. yd. for the 1:3:6 concrete the buttresses. 


such figures can approximated the future, would appear that 


very economical constructions multiple-arch dams will possible many 
places, 


Italian engineers, with the co-operation the Government, have recently 
made thorough investigation the various types dams, the results 


Engineering News-Record, March 1918, 457. 
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which disclosed the great economical and statical advantages multiple- 
arch dams such decisive manner that previous plans for gravity dams 
were discarded and about eight multiple-arch dams, from 210 ft. high, 
have been constructed since the World War various parts 
shows clearly the trend the times, and will surely re-act favorably also 


future dam constructions the United States. 

well-designed and carefully built multiple-arch dam structure the 
stability and safety which beyond doubt. The stresses the arches can 
calculated accurately the elastic theory. Furthermore, the stability 
double-wall buttresses insured account H-column action, and the 
stresses arches and buttresses combined, the foundation any other 
horizontal section, may obtained with fair accuracy the monolith theory. 
The danger uplift practically eliminated, and any accumulation silt 
the reservoir will have the tendency press the dam more firmly the 
foundation. The “factor ignorance” regarding the statical conditions, 
either such dam whole the structural details, reduced, therefore, 
practical minimum, and the confidence the safety structures this 
type will necessity grow these facts become better known engineers 
and the public. 

The multiple-arch dam involves less excavation than the gravity type, less 
time for construction, less hazards from floods during construction, and can 
built with architectural appearance that affords beauty with the impres- 
sion strength. 
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STRESSES DAMS 


examination the present methods determining stresses multiple- 
arch dams leads the conclusion that these are too approximate and show 
compression places where considerable tension actually exists. Such 
methods, therefore, could not used with safety the design multiple- 
arch dams considerably greater height than those already built. The usual 
method determining the point application the water pressure and the 
centroid the arch shown incorrect, and correct analytical and 
graphical methods are given. 

Ordinarily, stresses are computed horizontal sections. shown that 

this practice incorrect, does not agree with the fundamental assumption 
that plane normal sections remain plane when beam bent. 
planes may used without much error, when studying gravity dams, but not 
when the ordinary multiple-arch dam considered. 
order determine the actual stress distribution multiple-arch dams, 
necessary determine the stress normal planes and the stress 
planes normal normal planes, this stress resulting mainly from the water 
pressure, well the shear acting these planes. 

shown, least for the dam investigated, that the maximum tensile 
stress and the maximum shearing stress occur the groin, where they amount 
84.0 per sq. in. tension and 185.0 lb. per sq. in. shear, when determined 
the principal-stress theory, and 119.5 lb. per sq. in. tension when the 
stresses are determined Saint-Venant’s theory and Poisson’s ratio assumed 
one-eighth. The direction the maximum shear the groin makes 
angle 45° with the up-stream face, and this makes angle 50° with 
the horizontal, the direction the maximum shear lies plane which 
above the horizontal. The compression this plane 101 per sq. in.; 
produces friction, and this aids the shearing strength resisting fracture 
that plane. 

The stresses resulting from shrinkage the buttresses and swelling the 
arches are considered, and shown that these stresses may large. 
far possible, they should eliminated adequate construction methods. 


INTRODUCTION 


While making investigation the power possibilities the North 
Fork the Kings River, for the San Joaquin Light and Power Corporation, 


discussion this paper, which will not presented any meetting 


with diseussion, will published Transactions, 


closed with the November, 1923, Proceedings. When finally 
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Fresno, Calif., became evident that the power possibilities were largely 
dependent the storage possibilities. Fig. map the proposed Kings 
River development, and Fig. shows the run-off measured for 1920 and 
1921. The total run-off for 1920 was acre-ft., and May and June fur- 
nished 210 000 acre-ft., nearly two-thirds the total yearly run-off. 
evident that, without very large relative storage, only fraction the flow 
can utilized, and the nature the project such that the cost develop- 
ment for the natural flow the river during the minimum months 
prohibitive. 


KINGS RIVER DEVELOPMENT 
SAN JOAQUIN LIGHT POWER CORP. 


Dam 


iam 
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Dam 


Farnham P.H. 
Dam 
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Under these conditions, order compete with the relatively cheap 
natural gas and oil fuel, essential use only the most economical designs. 
Steam-plant costs are made fixed charges and fuel charges; 
costs are due almost exclusively the fixed charges. There is, therefore, 
certain limiting load factor which these costs are equal; for load factors 
lower than this, steam power cheaper, and vice versa*; but, addition, 


Baum, Am. Soc. E., “Economic Proportion Hydro-Electric and Steam 
Power”, Transactions, Am. Inst. Elec. Engrs., Vol. XXXVII (1916), Part II, 1471; also, 
Dr. Adolf Ludin, Ausbau der Niederdruck nach wirtschaftlichen Grund- 
satzen.” 
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000 000 invested steam plants will supply much greater annual output 
than invested hydro-electric plants, where the cost per kilowatt higher. 
illustration, recently constructed hydro-electric plant, consisting 
three 000-h. turbines, costing, roughly, can generate about 
200 000 000 kw-hr. per annum, and recently constructed steam plant con- 
sisting one 12500-kw. steam-turbine unit, costing about can 
generate, 90% annual load factor, nearly 000 kw-hr., about 2.5 
times the output per dollar invested. evident, therefore, that hydro- 
generating costs must somewhat less than steam costs, order 
justify the additional investment. 


KINGS RIVER 
JUST ABOVE ITS JUNCTIO 


WITH DINKEY CREEK 


Acre Feet 


With irrigation projects power will also developed considerable quan- 
tities, especially during May and June. The probable irrigation demand for 
the Kings River Conservancy District, comprising about 1000000 acres 
irrigated from proposed 620 000-acre-ft. reservoir Pine Flat, shown 
Fig. This distribution typical for all major irrigation projects the 
San Joaquin Valley. these, besides the Kings River Conservancy District, 
dam the Tuolumne River now being completed for the Turlock- 
Modesto Districts. The Merced Irrigation District contemplating dam 
the Merced River, the Madera Irrigation District dam near Friant, the 
San Joaquin River, and, the south, the Kern River will also developed 
for irrigation the near future. 

These irrigation districts will. furnish large quantity power from 
irrigation water, which distributed throughout the year approximately 
shown Fig. The maximum irrigation demand occurs during May and 
June, amounting about 40% the annual demand, and, therefore, 
coincides with the peak run-off the streams. The maximum head these 
power plants, also, will usually occur May and June, and, therefore, the 
distribution power throughout the year will generally less regular than 
the flow. 
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necessary also consider the fact that during low-flow years 


siderable quantity will have pumped order supplement water from 
storage, and, therefore, the pumping power needed for these irrigation districts 
will maximum those years, when but little power available, and 
versa. 


Acre Feet 


TYPICAL LOAD CURVE 
SAN JOAQUIN VALLEY 


PROPOSED KINGS RIVER 
IRRIGATION DISTRICT 


Percentage Yearly Loa 


This variation the annual demand favors steam plants, account 
their lower first cost, the relatively small average load factor during period 
years, and the fact that several years below average run-off generally follow 
each other, thus permitting storage only limited extent. 

Fig. shows approximately the present distribution load the 
Joaquin Valley. will seen that the greatest load demand occurs 


June, July, August, and September. The flow the Sierra Nevada 
generally begins decrease July, and, the middle end that month, 
able, 

The load-demand curve may modified some extent the future, due 
industrial growth the valley and pumping for irrigation, but, any 


nearly all stream-flow plants are short water. 


evident that either steam plants storage reservoirs for power plants 


must supplied large scale order utilize the power 


the Sierra Nevada streams flowing into the San Joaquin Valley. 
The two most advantageous storage sites the upper North Fork the 


Kings River are the proposed Wishon Dam, elevation 


and the proposed Helms Creek Dam, elevation ft. these 


dams, Wishon the larger and more important, due the fact that 
drainage area behind Helms Creek small, and will quite expensive 
Dams 
Fig. profile the Wishon Dam site and Fig. shows the 
entire 


divert water from another drainage area. 


capacity curve. there practically storage for the first ft. height, 
dam this site will have 200 ft. high, higher, order provide 
storage warrant extensive power developments. 

The foregoing presented order make clear the necessity 


ing for this site, economical dam, about 250 ft. high when the 


opment completed. 
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Distance Hundreds Feet 


The site was too long for single-arch dam,* and the choice lay between 
agravity, multiple-arch, and rock-fill dam. order choose type, pre- 
count liminary designs were made. The gravity dam was out the question 
period account its the preliminary analysis, the rock-fill dam seemed 
follow the most suitable, and was recommended tentatively the writer. 
Besides the fact that rock-fill dam this 


the site probably cheaper than multiple-arch 
streams built steps, and that the cost each step 


roughly proportional the storage made avail- 

ture, dimensioned from the start for its final height, 
any this increases the cost building consider- 


0 
the ultimate development the storage site Freeboard 


warranted. 
the While investigating the maximum height which multiple-arch dam 
300 ft, can carried economically, compared with gravity dam, became evi- 
these dent that there was considerable difference opinion the actual amount 
that the the stresses multiple-arch dams, especially the stresses the buttresses. 
Dams Rush Creek, assumes the horizontal shear due the 
reservoit horizontal component the water pressure distributed uniformly over the 
horizontal cross-section the buttresses and the arches, and, deter- 
this shear,t subtracts the friction which would exist failure 
along horizontal plane. assumes that shear failure were 
along horizontal plane, shear and friction this surface would have 


the Relation Constant- Angle Arch Dams and Gravity Jakob- 
Engineering and Contracting, December 1920. 
Transactions, Am. Soc. E., Vol. LXXXI (1917), 850. 
Loc. cit., 865. 
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objected to* this assumption, stating that: 

“Frictional act only after the section has failed 
under shear. The resisting friction can developed only minute, bul 
measurable, movements adjacent planes.” 

This objection does not seem valid, friction rest considered, 
and the late Johnson, Am. E.,+ discussing “the law govern- 
ing the strength compression brittle states that resist- 
ance movement [along the plane rupture] made the strength 
the material resist shearing and the frictional resistance motion along 
this plane”. also the relation between crushing strength and 
shearing strength considering the frictional resistance the plane 
rupture. Mr. Jorgensen, however, his closure,§ accepted Mr. Douglas’ 
view, and then gave the ideal maximum compressive stress, computed 
Saint-Venant’s theory. Mr. Jorgensen’s error not that includes friction, 
but that assumes uniform distribution the horizontal shear over the 
entire cross-section, and does not correctly the compression which 
causes the friction. The ideal maximum compressive stress—which com- 
putes from the average compressive stress and the average shearing stress— 
not the maximum ideal compression, and, moreover, less importance 
than the maximum ideal tensile stress. 

Mr. Jorgensen evidently well aware the difficulty determining the 
maximum stresses.|| determines the maximum compressive unit stress 
considering the total resulting pressure acting horizontal cross-section 
acting the projection this horizontal area surface right angles 
this This method would leave out consideration the shear and 
the resulting diagonal tension, except far the shear contributes the 
direction this resultant. 

Mr. Jorgensen took account the approximations and inaccuracies just 
discussed selecting conservative unit stresses and providing reinforcing 
steel; but order design high multiple-arch dams economically, becomes 
necessary use higher unit stresses than have been customary the past, 
and, order that without running the risk allowing dangerously high 
stresses parts the structure, necessary determine the actual max- 
imum stresses, instead considering only averages. 

necessary, therefore, determine for each point the structure the 
actual state condition stress which produced the resultant the 
water pressure and the weight the structure itself. 

the following, only the stresses the buttresses are considered,** the 
design the arches offers serious difficulties, and the writer believes there 


Transactions, Am. Soc. E., Vol. LXXXI (1917), 893. 
1912 Edition, Art. 19. 

Loc. cit., Art. 20. 

Transactions, Am. Soc. E., Vol. LXXXI (1917), 905. 


Wegmann’s “Masonry Dams”, 17; also, Bouvier, Resistance des Grands 
Barrage Annales des Ponts Chaussées, Tome Série, 1875, 

computing the stresses the buttresses, the arches are included, that they take 
their share the load. his computations, Mr. Jorgensen assumes that the arches not 
take any part the load. 
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agreement among engineers how the stresses the arches should 
computed.* 
multiple-arch dam must meet two conditions: 


(1) must stable against overturning and sliding; 
(2) The stresses must not exceed safe limits. 


The first condition implies that there shall tension between the dam 
and its foundation; but, even when this condition complied with, does 
not follow that there tension the up-stream face. 

necessary, first, determine the loading the dam due the water 
pressure and the weight the dam. The method used Mr. Jorgensen errs 
the side safety, and, for high dams, this error too great, because, 
explained, economical design imperative. The error Mr. Jorgensen’s 
method was pointed out the writer’s assistant, Mr. Juul Hvorslev, 
whom also the following method due. 


Water Pressure Its APPLICATION 


Fig. the are, ACB, represents the horizontal section through in- 
elliptical arch, and the are, B,, represents horizontal 
section, ft. vertically below. determining the water load the struc- 
ture, far the stability and the stresses the buttresses are concerned, 
the horizontal water pressures acting parallel the chord, AB, may neg- 
lected. normal water pressure acting inclined surface 
point some distance from the crown, consists vertical and horizontal 
component, and evident that projecting this normal water pressure upon 
vertical plane parallel does not diminish the vertical component, 
but eliminates only the horizontal pressure parallel the chord, 
fore, only necessary consider the water pressure acting vertical 
planes parallel the line symmetry, Fig. This water pres- 
sure inclined surface element, ft. wide and ft. high, is: 


where the pressure, pounds per square foot, depth ft. below the 
water surface, and the angle between the up-stream face and the hori- 
zontal. The horizontal and vertical components the water pressure this 
surface element are: 


When the depth below the water surface, the water pressure is: 
62.4 per sq. ft. 


“The Circular Arch Under Normal William Cain, Am. Soc. 
Transactions, Am. Soc. E., Vol. LXXXV (1922), 233. 
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surface lying between two horizontal planes, respectively, and tt, 
below the water surface, the chord, constant, subjected 
horizontal force 


And cot constant, the vertical component is: 


The point application the horizontal component the water 
may found, the usual manner, determining the point 


the water pressure the projection the surface, A,, 


vertical plane. 

The point application the vertical component the water 
may found taking moments about line parallel the chord, 
the horizontal distance from this line point the surface the 
arch, and the distance from this line the point application 
the vertical component the water pressure, then: 


dh, and cot are assumed independent 
Case horizontal section the inclined elliptical arch circulat 
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Then, from Fig. 


y == 
Then, from Equation (6), 


The distance the point application the vertical component the 
water pressure from the crown and for, 


The distance from the crown the center gravity circular arch, 


which commonly assumed the point application the vertical com- 
ponent the water pressure, is: 


sin 

arc 
and for 


These are errors, the side safety, 70% and 19%, respectively. 
Case horizontal section the inclined circular arch ellipse. 


Fig. the up-stream radius the inclined circular arch, and the 
angle inclination with the horizontal Then, the major semi-axis 


ation 


that, 


e of the 


Substituting this Equation (6), and integrating between the limits 


For where one-half the central angle the circular 
Measured plane normal the surface the arch, the co-ordinates the 
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the leng 
Equation (9) gives 0.855 and the distance from the crown the The thi 
Mr. Jorgensen uses 0.385 the rise the elliptical arch 0.193 
which 30% too large; the error the side safety. The point 
cation the vertical water pressure may also determined graphically, 
shown Fig. 10. This checks the analytical method. The 


Point! of Appltcetida 
of Water 


= ! N | &5 
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Normal Section the Arch Circle Subtending 
The Axis of the Arch makes an Angle of 50° witha 
Horizontal Plane. 

Approximately 
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POINT APPLICATION WATER 
PRESSURE INCLINED 
CIRCULAR ARCH 

Case limiting plane not horizontal. 

The water pressure the arch above the plane, Fig. 11, The 
determined. The pressure that due the arch above plus the pressure 
the area, ABC. this area will generally small, compared with the 
area above the horizontal plane, may assumed that the water 

crown 

can shown that this very nearly true, when small compared with 
the depth the area, below the water surface. order, therefore, 
to. determine the water pressure the entire surface above the pressure 

the arch above may used without appreciable error. 

WEIGHT AND CENTROID ARCH 

axis 


The volume arch ring, ft. high, Fig. 12, may determined 
multiplying the length the mean are the average 


where 


G 
\ 
\. 
\ 
| 


tional area. The length the mean may determined approximately 
the length the are through the center gravity the area the crown. 
The thickness horizontal section inclined circular arch decreases 


for 


point 


from crown groin, but, Fig. 12, 

0.193 

cally, if, usual, the thickness the arch increases uniformly from top bottom. 

The distance, h,, from horizontal plane is: 
9 a 

ending 120° 

0° with a 

Fie. 
The construction shown Fig. 12, therefore, determines the location the 
center gravity and also the radius, R,, through the center gravity. 
the central angle 120°, and the arch circular and inclined 50° from the 
horizontal, then the length the mean arc approximately 2.29 R,; the length 
circular arch with central angle 120° 2.094 R,. The area 
greater than the groin line for two reasons: 
red with (1) For central angle 180°, the thickness the arch the groin 
only sin times the thickness the crown, and the area 
pressure decreased the same proportion; 
(2) The arch increases thickness toward the bottom. 
Therefore, approximately, the angle between the horizontal and the 


where the average area and the area the crown. 
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Equation (11), the nearly correct, because the value for 
obtained from the same horizontal section, and larger than the obtained 
from the same normal section, that is, normal the face the dam, and 
too small, because the central angle 120 and not 180 degrees. 

50°, and, consequently, 0.88 A,, the volume height, 
approximately, 


order check the volume the entire arch Fig. 13, the volume 
the two hoofs, Fig. 14, and Fig. 15, may replaced 


This has been done for various values and for central angles 120° 


and 180°, and result plotted Figs. and 17. determining the two 
values for 4h, the volume determined equivalent the 


the difference between part cylinder and part cone. The 
volume for dam 250 ft. high was computed this manner and gave only 
less than found the first method. 


VOLUMES OF WEDGES 
OF CYLINDICAL RINGS 
SUBTENDING 120° 


VOLUMES WEDGES 
CYLINDRICAL RINGS 
SUBTENDING 180° 


17. 
Centroid distance from the center, the center 


gravity part circular arch ring, when the up-stream radius the 
down-stream radius and the half angle, is: 
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The distance from the crown then —z, and the distance from the crown 
the elliptical arch ring its center gravity (see Fig. 18) very nearly, 


and 
120° Equation (14) exact when the thickness the arch remains constant 
for different heights. This not generally the case, but the error negli- 
two gible, because the increase thickness small compared the thickness. 
the has also been verified graphically. 
readily 


| 


2 ‘sin 50 


x 


R 


of Horizontal Arch Slive 


3 


18. 


graphical determination the center gravity part horizontal 
arch ring shown Fig. 18. order find the center gravity the 
whole volume, determine the center gravity the top and bottom sections 
and connect these two points straight line. Then determine horizontal 
line distance above the base, Fig. 12, being given Equation 
(10). The intersection these two lines determines the center gravity 
the entire arch volume. The top part the arch generally constant 
thickness, and correction should made take care this, 
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The stresses gravity dams have been investigated, both theoretically and 
experimentally, small model dams.* The measurements show surprisingly 
close agreement with theory, and demonstrate that the deformations are 
actually distributed according the ellipse stress. These experiments also 
show the influence the sudden change section which takes place the 
foundation. All these investigators consider only horizontal and 
assume that the ordinary bending formulas apply horizontal sections. 
the paper Fred Noetzli, Assoc. Am. Soe. E., entitled 
“Gravity and Arch Action Curved Dams”, the writer called attention the 
fact that the ordinary bending formulas assume sections normal the axis, 
and cannot generally applied non-normal sections, shown the 
following. 

The general formulas for bending are derived the assumption that planes 
which are perpendicular the axis the beam remain plane during bending, 
provided the deformation due shear excluded from consideration. Tests 
verify the formulas thus derived, and, therefore, also the assumptions, 
far other assumptions lead materially different results. 

computing stresses gravity and multiple-arch dams, customary 
use horizontal sections and determine the normal stresses and the shearing 
stresses such sections; but these horizontal sections are not perpendicular 
the axis the beam, and necessary therefore ascertain the magnitude 
the error which results from applying the ordinary formulas bending 
sections which are not perpendicular the axis the beam. may 
shown readily that when normal sections—that is, sections which are normal 
the axis the beam—remain plane during bending, then oblique sections 
cannot remain plane. beam loaded indicated Fig. 19, the resulting 
stresses any section, such A-B, may determined from the three statical 
conditions, that: 


(1) The shear, dy, for such section must equal 


(2) The sum the normal forces over the area, A-B, must equal 
and, 
(3) The bending moment due the normal forces section A-B 


order determine the distribution the normal stresses over the 
surface, necessary make assumption addition the three fore- 
going conditions, and the one generally made is, that normal planes remain 
plane during bending. With this assumption and Hooke’s law, follows 


“Stresses Dams”, Messrs. Otley, Brightmore, Wilson, Gore and Hill, 
Minutes Proceedings, Inst. E., Vol. 172, Session Pt. also, Professor Cain’s 
paper, “Stresses Masonry Transactions, Am. Soc. E., Vol. LXIV (1909), 208. 


the discussion the Minutes Proceedings, Inst. E., Vol. 172, Mr. Arthur 
Hill, 118, calls attention the fact that the ordinary bending formulas apply only 
normal sections. 


Transactions, Am. Soc. E., Vol. LXXXIV (1921), 92. 
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immediately that the intensity the normal stress directly proportional 
the distance from the neutral axis. 
the point, with the co-ordinates, and the stress is: 


which the moment inertia with respect the center gravity and 
the area the section, A-B. 


Under the influence the and the point, shifted M’; 
the distance and from the neutral axis. Then, 


For any point, constant, that, 


This the equation the line through the points, M’, and represents 
straight line only when independent and that the case only when 
A-B perpendicular the axis the beam. evident, therefore, that 
normal sections remain plane during bending, oblique sections cannot remain 
plane, and normal sections not remain plane, the distribution the 
stresses across the normal planes cannot indicated Equation 


(17). 


: 
; Extreme Fiber Stress Extreme Fiber Stress i 

t 
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the beam fixed along oblique plane, indicated Fig. 20, the 
integration must extended from where tan and Equation 
(18) becomes: 


or, substituting the value for and arranging: 


normal section, independent and Equation (19) represents 
straight line only when the coefficient zero, that is, only when 
tan 

this substituted Equation (19): 


Equation (20) cannot represent straight line except when the coefficients 
and are each equal zero, 


and, 

tan different from zero, then and that locates the section 
the foundation. beam fixed shown Fig. 20, section can remain 
plane during bending, and the assumption that the stress distribution across 
normal planes will indicated Equation (17) not quite correct, and, 
for sections lying close the fixed base, the assumption that normal planes 
remain plane certainly incorrect. 

With regard the assumption that normal planes remain plane, 
interest note that extensive tests Bauschinger and Bach,* tough steel 
and wrought iron, show that normal sections remained plane and perpendicular 
the axis, even when the deflections were carried such extent that the 
distribution stresses was longer linear, shown Fig. 21, but was 
shown Fig. 22, deviating very greatly from linear distribution. 
Professor Bach concludes, indicates that, material where there 
portionality between stresses and strains, normal sections will remain 
approximately plane the axis, far bending stresses 
alone are involved, that is, long the deformation due shear negligible. 

The assumption that constant for concrete, convenient approxima- 
tion, but not Bach and others have investigated the stress distribu- 


Transactions, Am. Soc. E., Vol. LXXXIV (1921), 95, Requirement No. 
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tion the assumption that plane normal sections remain plane and that 
the deformation increases faster than the stress, that is, 


where the stress, constant, but not the same for compression 
for tension, and constant greater for tension than for compression. 
the case bending stresses only, the point stress does not coincide with 
the center gravity the section, but shifted amount, depending 
size the bending moment, toward the compression side. The stress 
distribution shown Fig. and the tensile stress the extreme fiber 
less than when assumed constant. Due the fact that mul- 
tiple-arch dam stressed both normal force and bending moment, one 
cannot certain that the actual tension less than the computed value, and 
may greater. 

multiple-arch dam relatively short beam and, consequently, the 
shear deformation not negligible and normal sections not remain plane. 
his the paper Prichard, Am. Soe. E., entitled, 

has shown that short beams the actual bending stress the extreme fiber 
greater than the value computed from the ordinary formula for bending: 


This suggests caution when designing relatively high dam, especially 
where the buttress spacing considerable, because the arch, due shear 
deformation, may not take its share the bending stresses. The actual 
moment inertia, therefore, less than that assumed and the tension 
the groin may considerably greater than the computed value. 

take account the variation and the shear deformation would 
make the computations very complicated or, perhaps, impossible, and the 
assumptions must made, therefore, that constant, that the shear 
deformation has influence the stress distribution, and that all the stresses 
acting any element lie plane. However, the stresses found com- 
putations the basis these assumptions are correct only the extent that 
the assumptions agree with reality. The influence swelling and shrinking 


OBLIQUE SECTIONS 


oblique sections not give correct results, may also shown, 
follows: beam, shown Fig. 23, subjected force, acting per- 
the axis the beam. The force, may replaced force, 


acting parallel the oblique section, C-D, producing bending moment 


that section, and force, tan acting compression the axis the 
the ordinary bending formulas are applied the oblique section, 
Transactions, Am. Soc. E., Vol. LXXV (1912), 932. 


> 
the 
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and the moment inertia the oblique section the distance 


and the area where and apply the normal section, 


A-B. The stresses normal the section, C-D, the points, Cand then: 


2 


The stress the point, acting parallel the axis the beam, deter- 
mined the fact that stress exists the surface element, C-E, Fig. 
and, therefore, shearing stress exists this perpendicular 
that: 

From Fig. 24, 


cos a= 


and, therefore, 
tana 
Also, from Fig. 25, 
tana, 
and, therefore, 


The stresses parallel the axis the points, and are, therefore, from 


Equations (22) and (21): 


although, matter fact, the reverse the case. Equations 
(23) are evidently correct only when tan and evident that 
the ordinary bending formulas cannot applied oblique sections, unless 
shown specifically that the error negligible. gravity section 
investigated, and great difference was found. The principal stresses for 
horizontal section were also found almost identical with such 
when normal sections were used; but this not true the ordinary type 
multiple-arch dam, will shown. 


Papers 


dev 
confor 
and 
planes 
any 


The 
Let 
infinite 


the she 


plane 


f 
Sy, 
: 
| 
4 
99 
4 
1 
23) 


stance 


then: 


deter- 
24, 


ilar 


25, 


that 
unless 
ion was 
for 
stresses 
type 


STRESSES MULTIPLE-ARCH DAMS 1111 


formula which will give the stresses correctly oblique section may 
developed readily assuming that the distribution the normal stresses 
conforms with Equation (17); but such formula will quite complicated 
and obviously advantage, based the assumption that normal 
planes remain plane, and will much more convenient use normal planes 
any computation. 


STRESSES 


The following abstract presented order have the formulas conve- 
niently hand; the complete theory given most modern textbooks. 
Let the normal stress tangent plane which touches sphere 


infinitely small radius the point, (Fig. 26), and let the normal 


stress another tangent plane perpendicular the first, and let and 
the shearing stresses these two planes, then, 


Ty 
Fig. 27, positive because tends rotate clockwise, and 


negative. 


the stresses point any two perpendicular planes are known, the 
stress any plane—or the stress any direction this point—may 
determined. Let and Fig. the normal and shearing stresses 
making angle with the Y-axis, and and the normal and 


stresses plane making the same angle, with the X-axis, then 
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the stresses, and 7’, the plane, A-B, Fig. are found writing 
the equations equilibrium: 

Normal are taken positive when they act compression. 
the direction perpendicular the direction the equation for 
may obtained from the equation for substituting 90° for 
Equation (24) represents the ellipse stress, which the stress distribution 
point when the third principal stress right angles the X-Y plane 
zero.* 

There one certain value, ¢,, the angle, for which becomes 
maximum minimum and becomes minimum maximum. This 


obtained differentiating the first equation Equation (24) with respect 
and equating zero: 


This determines values 2¢,, (180° ete., corresponding 
ducing Equation (24) for and gives the principal stresses, and 
the third equation Equation (24) gives r,’ 

Let the algebraically greatest principal stress and the smallest 
where may numerically greater than then the angle between 
the direction and depending whether Equation (25) 
maximum minimum. Differentiating Equation (24) for twice with 
respect introducing Equation (25), and arranging: 

2 
lies between 45°, shown Equation (25), cos always posi- 
tive. Therefore, if: 
<0, then Equation (25), the angle (6, 6,) 


6,> then Equation (25), the angle (6, 6,) 


From Equations (24) and (25) the magnitude the two principal 
are obtained: 


This equation can illustrated Mohr’s Fig. 28, which shows 


the stress distribution any direction when the two principal stresses are 
known. Fig. 29, the stresses, and are shown, both magnitude 


excellent treatise, based Prof. Mohr’s investigations, may found 
Journal the Western Society Engineers, Vol. 17, Paper No. November, 1912, 
Prof. Basquin, entitled “The Circular Diagram Stress and Its Application the Theory 
Internal Friction.” 


aus dem Gebiete der technischen Otto Mohr, Berlin, 
1906, Abhandlung 
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and direction, and both normal act compression. The principal 
stresses, and g,, are also shown, both direction and magnitude. 
Fig. 28, and and the angle The diameter 
the and this diameter and the angle, determine the points, 
because Fig. tends produce counter-clockwise rotation and Fig. 
negative shear lies below the Y-X line. Fig 29, makes angle, 
+a, with the vertical, the surface element which acts makes 
angle, with the horizontal. If, from point Fig. 28, angle, 
laid off, the direction and the surface 
direction and the direction From Fig. 28, readily seen 
that the maximum shear the X-Y plane occurs the point, and that 
this maximum is: 


The maximum shear occurs the surface element the direction which 
makes angle 45° with the surface elements which the principal stresses 
act. the two principal stresses are both compressions both tensions, and 
the third principal stress zero, the maximum shearing stress lies plane 
right angles the plane, and one-half the greater principal stress. 

both principal stresses are compressions, there tensile stress any 
direction. one the principal stresses compression and the other ten- 
sion, the point, lies inside the Mohr’s diagram, and the two prin- 
cipal stresses represent the maximum tensile and the maximum compressive 
stresses that point. 


LAND’S CIRCLE 


Land* has different construction, which shown Figs, 
and 31. this the diameter the circle Land’s con- 
struction, the ideal stresses, and may found quickly accurately 
for most purposes. This possible because constant 
diameter the circle for any plane through the point, Fig. 31, and 

Zeitschrift des Vereines deutscher Ingenieure, 1895, 1551. 


<p, 
tin 


1114 STRESSES MULTIPLE-ARCH DAMS 


the diameter the circle Mohr’s diagram; but Mohr’s diagram 
shows the stress distribution much more clearly. 

this matter may interest examine the statement generally 
found textbooks, namely, that beam subjected bending the maximum 
shear exists the neutral axis. For rectangular horizontal beam, supported 
the ends and loaded the middle with the maximum shear 
normal section is: 


when the width and the height the beam. The greatest tensile stress 
the middle the span, and is: 


when the length the beam. This tension accompanied shear: 


and this greater than the shear the neutral axis the normal plane, 
ever greater than which nearly always the case. This was pointed 
out Professor Robert Smith discussion stresses masonry 
dams.* 

Surface possible determine the stresses the crown 
and the down-stream face the buttress without any great difficulty any 
elaborate calculations, and subject the reservations noted the following. 
is, however, not generally sufficient know the surface stresses. 

The entire dam assumed structure, and its loading 
determined the way just shown. normal plane can established 
approximately trial and error, and extreme accuracy not necessary; the 
axis the dam not generally straight line. The normal stress normal 
plane determined by: 


where the resulting compression acting right angles the area, 
and its center gravity; the resulting moment; the moment 
inertia with respect the center gravity the area, and the 
distance from the center gravity the point having the normal stress, 
positive when measured down stream and vice versa. 

The stresses, and the up-stream and down-stream faces can 
determined, follows: 

Fig. 32, very small triangular cut from the surface 
structure, and the normal external load the surface, The 
stress, determined the ordinary formula for bending, Equation (28), 

Minutes Proceedings, Inst. E., Vol, 172, Session Pt. II, 81. 


Vol. LXIV (1909), 


See Prof. Cain’s “Stresses Masonry Dams,” Transactions, Am. Soc. 
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being part normal section. From Fig. 32: 


Also, 

AC=rXBC+pABsina 

and the principal stresses are, therefore, parallel and These 
stresses may determined from Land’s diagram from the equations previ- 
ously given. The principal stress acting normal evidently: 

and the principal stress acting parallel 


sin? 


The maximum shear the ABC, from Equations (27a) and 
(30) 


the water pressure assumed penetrate some distance into the struc- 
ture, Will somewhat larger. has been pointed out, the maximum 
shear not necessarily the plane, BC. external forces are acting 
the surface, then the foregoing equations, and they can 
applied the down-stream faces the buttresses. 

order show the difference the stresses obtained when horizontal 
planes are considered and when normal planes are used, two points, and 
Fig. were investigated, and the results are given Table Sec- 
tions and III are two horizontal planes, and Section the normal plane 
containing the two points, and 

The location the normal sections must found trial. Fig. 34, 
the centroid the arch projected above the dam, the centroid Sec- 
tion A-B. the dimensions the arch were negligible, compared with the 
buttress, then, 


the arch never entirely negligible, the normal section can generally 
found with sufficient accuracy making 


The dam shown Fig. is, with slight modification, the dam described 
Mr. Jorgensen’s paper referred previously. usually computed, there 


compression 32.1 per sq. in. the point, and, when using 
normal planes, there tension 37.6 per sq. in. the same point. 


—— 


Fig. rotated 180° around AC, that lies the left AC, then the shear 


mM 
= 
mM 
M 
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This error approximately per sq. in., and not the side 

safety. not helped taking the shear into considera- 
tion, 33.4 per sq. in. for Section Point 69.7 ft. below 

the top the dam, and the normal water pressure, therefore, 30.2 lb. 
per sq. in. The maximum shear the surface determined Equation (32) 
1.6 lb. per sq. in. for Section and for Section the maximum shear 
the point, 33.9 lb. per sq. in. 


TABLE 


Section Section Section II. |Section III. 


NA, millions 1.24 1.24 2.202 
Nw, millions 1.33 2.065 2.065 
hw, feet...... 24.65 21.60 21.60 29.00 
MP, millions foot-pounds... 154.8 154.8 262.3 
pounds per square inch.......... 112.5 83.2 83.2 148.8 
pounds per square —111.8 +146.9 +169.8 

pounds per square inch..... 1.6 23.1 106.5 34.4 
pounds per square 21.2 48.3 3.7 
pounds per square inch. +30.2 +278.4 822.3 

pounds per 1.6 33.9 139.2 161.2 
Average pounds per square inch........ 89.2 113.5 113.5 116.2 


the down-stream face the stress 
usually determined 318.6 per sq. 
in., and for normal sections the principal 
stress 278.4 lb. per sq. in. com- 
pression. there always compression, 
not necessary know the exact 
value. 

determination the stresses 
other points the section than the 
surface more difficult, the section 
variable. The graphical method indicated 
Mohr, for determining the shear, cannot 34. 
used, and would not give the stresses, which important deter- 
mine, they have considerable influence the principal stresses. The 
arithmetical method indicated for gravity sections Professor Cain* was 
found the most suitable. The calculations were made with Monroe 


“Stresses Masonry Dams”, Transactions, Am. Soc, E., Vol. LXIV (1909), 208. 


oD q 
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calculating machine, carrying many figures possible. This necessary 
order obtain the values with any degree precision. The calculation 
made for the buttress, starting the down-stream face. 

Fig. 35, Section identical with Section Fig. 33. Section 
Fig. lies ft. above Section and Section lies ft. below it, 
being measured perpendicularly the section. the sections are close 
together, they are assumed parallel, and the center line, 
through the centers gravity the sections supposed straight, and 
perpendicular the sections, normal sections. Fig. 36, Sec- 
tion shown full and Section dotted lines, 


Let, 


square feet. 


and the moments inertia about the gravity axis, 
All other letters have the significance shown Figs. and 36. Then: 
The quantity, computed for the median line Fig. 33, and both 
and are computed the direction 4h, and for 


The moment inertia, for Section was determined graphically, 
shown Fig. 37; then: 


le 1 2 1 2 


the angle which line through the centers gravity the horizontal 
arch slices makes with the sections; slightly larger than the 
mean radius the arch. Equation (34), well the following equa- 
‘tions, quantities which are negligible have been omitted. For example, 
Equation (34) the moment inertia the small rectangle, 


about its own center gravity negligible. The normal force acting 
Section is: 


Zp 


P 
the 
con 
Si 
4 
4 
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ers, 
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The spacing the buttresses ft. The angle, the angle between 
the normal the section and vertical plane, and 150 the weight 
per cubic foot. 


Spacing Buttresses 
Up-stream Radius =23.1 
Central Angle =120° 


The shear acting Section is: 


The moment the forces acting Section is: 


the distance from the center gravity Section the point 
application the water pressure, the distance measured Section 
Likewise, for Section 


t 2 2 


ary 
ion 
x V Centroid of Arch 
lose 
P Section 
7 
ntal 
the 
| 


1120 STRESSES MULTIPLE-ARCH DAMS [Papers. 


34.0 


' 
a 


53:4 


Ag = 5«107.4=537.0 sq.ft. 


COMPARISON BETWEEN STRESSES NORMAL AND 
HORIZONTAL SECTIONS MULTIPLE-ARCH DAM 


Fic. 37. 


From Equation (28), the determined. the following 
computations more convenient place the co-ordinate origin the inter- 
section the down-stream face and Section Calling this co-ordinate, 
Fig. 36, is: 


Then Equation (28) becomes: 


The 
face, 
the norr 
between 
total 


Whe 


normal 
tween 


where 


that 


and 


where 


The 
the 
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The total shearing force, S,, any point, ft. from the down-stream 
face, the difference between the normal forces adjoining sections less 
the normal component the weight the masonry 
between the two sections, shown Fig. 38. The 
total normal force each section is: 


0 % 


When cu. ft. weighs 150 the 
component the weight masonry be- 
tween sections is, 


where due the decrease the thickness the buttress increases. 
the thickness the buttress, ft. from the down-stream face, is: 


that, 


b, = b, — 


The total shearing force, ft. from the down-stream face, is. then: 

The unit shearing stress Section is: 


The stresses are determined the difference the and forces 
and the weight component parallel the section. 


where, 


The unit stress, point ft. from the down-stream face Section 
then: 


2 
1 
| a] 
4W, 
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For Section Fig. 33, that is, Section Fig. 35, the constants 
373 sq. ft. 
4 
27.1 ft. 
37.3 ft. more 
by = 5.0 £t. tion ( 
ace, 
3.25 cos 18° 
3.00 cos 18° 30’ 
0.00617 
0.766 
k . 
0.009483 
cot cot 68°30’ 0.39391 
cot cot 65°10’ 0.46277 
cos cos 18°30’ 0.94832 
ft. 
For Section 
positive when measured the down-stream direction. Substituting, 
ron 
For Section Fig. 35: 


a 


164 1.57440 162.42560 sq. ft. 


373 3.96736 366.73123 sq. ft. 
475 000 756.766 459 243.23 ft.4 
8779 000 201 936.47 577 063.5 


— 

‘ 
4 
4 

{ 

CY 

| 

4 

> — = 
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Then, from Equation (44): 
Equation (45), the unit shear may determined from this, but 
more correct determine first and then proceed indicated Equa- 


tion (45); but the equation for may used check the shear the sur- 
face, and thus check the computations. 
For Section Fig. 35: 


537 7.87649 544.87649 sq. ft. 
475 000 101.871 491 101.9 ft.* 
425 000 147 429.8 572 429.8 
187370 000 238 390 193 608 390 ft-lb. 


Then, from Equation (39): 

From Equation (40): 

From Equation (44): 


Combining and for use Equation (45), determine the unit 
shear 


The stresses may determined from Equations (46) and (47), and 


From this, determined Equation (48). 
The values the various: stresses for 20, 40, 60, and ft., which 
practically the groin line, are given Table and plotted Fig. 39. 


TABLE 


| 
280.2 120.6 65,9 11.1 
49.1 75.6 108.5 190.9 
106.2 128.1 145.8 157.3 162.4 
279.0 262.8 260.6 268.5 
139.3 146.0 162.0 
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Compression 


Downstream 
Face 


Tension 


Directions 


Feet 
39. 


The stresses are pounds per square inch, and the angle, the 
angle between the direction the stress and the stress, determined 
discussed the foregoing. 

The surface stresses were determined for the point, 0), (see Table 1), 
and this checks quite closely with the values found Professor Cain’s 
method and given Table the angle, derived from Equation 
(25) checks with Fig. where 90° 65° 10’ 24° the surface 
stress the down-stream face zero, one principal stress zero and the other 
parallel the face the buttress. The stress the groin can checked 
approximately follows: 

the arch takes part the water pressure, the groin, due the 
water pressure, will be: 


62.5 71.1 cos 21° 30’ 165 000 
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The component due the weight the masonry is: 
162 150 sin 18° 30’ 400 


total Ib. the thickness the buttress the groin 4.24 
ft., the stress thus computed 283 per sq. in., and this should more 
than the value found previously, which was 190.9. The arch, therefore, takes 
about one-third the water pressure. The shear taken the buttress 
7500 000 and, the total shear 779 000 lb., the buttress takes about 
85% and the arch about per cent. 

Figs. and show Mohr’s diagram for the point the down-stream 
face and for the groin. the groin, per sq. in. tension acting 
parallel the up-stream face. The maximum shear 185 lb. per sq. in., but 
this compression about 101 per sq. in., which operates 
prevent failure the friction creates against impending motion that 
plane. 


Section 


STRESS DISTRIBUTION aT 


DOWN-STREAM FACE- 
0) 


POUNDS PER SQUARE INCH 
25 60 75 100 200 


one direction only one plane, as, for example, simple compression, this 
compression may considered the direct cause the failure. The stress 
which causes failure may determined experimentally for each material, and 
there practical reason for attempting ascertain whether the stress 
the deformation which causes fracture, nor there any necessity inquire 
into the mechanism the different kinds stresses and strains. 

When, however, material subjected combined stresses, the failure 
cannot charged, offhand, one kind stress. the moment failure 
there may have been compression, tension, and shear stresses considerable 
magnitude, and the failure may have been due either these their 
interaction, and the behavior will different for different materials. There 
are to-day three accepted theories: 
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assumes that failure occurs when any principal stress 

reaches certain definite value, irrespective any other principal 

stress 

2.—Saint-Venant’s assumes that failure occurs when the deformation 
any direction reaches certain definite value; and 

3.—Mohr’s assumes that fracture occurs when section the shearing 
stress reaches maximum value, which maximum depends 
the material and the normal stress the section under consid- 
eration. Guest’s hypothesis special case Mohr’s theory. 

great number tests and investigations have been made order 
determine which theory agrees most nearly with the facts, but these tests have 
not resulted any definite conclusions. some tests made polished steel 
specimens, Hartmann* showed that failure took place along shear planes, and 
that such planes existed before the yield point was reached. Professor 
some tests steel pipes, found Saint-Venant’s theory agree 
very closely with the tests. Walter concludes, from tests hard- 
ened steel, that the maximum principal stress the best criterion strength 
for brittle material under combined stress, and that tests cast iron also 
indicate this. Tsumzo Matsumura and Genjiro Hamabe,§ however, conclude 
that Saint-Venant’s theory the more nearly correct. Their tests cast 
iron show unmistakably that fracture depends both principal stresses, which 
contrary the Rankine theory. inquiry addressed, December, 1921, 
the Director the Engineering Experiment Station the University 
Tllinois brought the following answer from Talbot, Past-President, Am. 
Soe. E.: 

not know tests having been made concrete similar those 
made Dr. Becker steel, except series tests were made here some 
years ago. The results these tests were not published. general, little 
difference ultimate strength was found, whether the load was applied one 
direction two directions. slight difference stiffness, course, may 
expected.” 

multiple-arch buttresses, the greater stress generally found 
using Saint-Venant’s theory, and, therefore, safer use this theory, 
least make certain that, case, does not give materially 
higher stresses than those found Rankine’s theory. The principal stresses 


are given Equation (27); Poisson’s ratio, the 


stresses, according Saint-Venant’s theory, 


m—1 


des Deformations dans les Metaux Soumis des 
Levrault Cie., 1896. 


Strength and Stiffness Steel under Biaxial Loading”, Bulletin No. 85, Univ. 
Illinois Eng. Experiment Station, 1916. 

“Further Tests Brittle Materials under Combined Stress”, The London, Edinburgh 
Philosophical Magazine and Journal Science, June, 1910, Series Vol. 19, 


“Tests the Combined Bending Strength Cast Iron,” Memoirs, Coll. 
Eng., Kyoto Vol. No. February, 1915. 
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For concrete, the value depends the age and the mixture, and 
very difficult determine accurately. Turneaure and Maurer* give: 


This result checks well with the values derived from tests compression and 
tension. For the coefficients Equation (49) become and and 
the principal maximum stresses the groin, accordingly, are 296.5 and 
119.5, compared with 286 and —84 given Table Saint-Venant’s 
theory, therefore, for gives about 42% higher tension than the prin- 
cipal stress theory, and, therefore, should used this case. Saint- 
Venant’s theory based the deformation, would seem that where this 
resisted largely embedded steel, that theory will more nearly measure 
the actual stress the steel, due account being taken the difference the 
moduli elasticity steel and concrete; but, any rate, where that theory 
gives the higher stresses, and where these stresses are materially higher than 
the principal stresses, the values found from Equation (49) should used 
determining the quantity steel required. 


REMARKS 


The computations stresses are necessity based the assumption that 
multiple-arch dam homogeneous structure, such approximately 
true for gravity dam. When multiple-arch dam stressed, the up-stream 
face water-soaked, and likely that the dimensions the arch are some- 
what greater than when the concrete was poured. shows, for wet 
curing unreinforced 1:4 gravel concrete, linear increase and 
half this for 0.79% reinforced 1:4 gravel for two-year period; 
and, for dry curing, shrinkage about two years, for unreinforced 
1:4 gravel concrete.t Hollingworth§ gives, for shrinkage concrete 
setting air, and, for concrete setting water, swelling 
but also quotes the Commission Ciment Armé finding, for concrete 
prism kept damp while setting, change volume except contraction which 
could for the fall temperature. Suenson’s data are believed 
the more nearly correct. The linear coefficient expansion for Fahr. 
given variously from per 000 000, with average per 000 000. 

Although likely that the arches have swelled, the have 
shrunk. The difference may assumed about the other 
hand, summer, the concrete the buttresses likely have higher tem- 
perature than the water-soaked arches. The temperature difference will prob- 
ably not exceed 40° Fahr., and may much less. This would increase the 
dimensions the buttresses relative the arches leaving dif- 
ference the modulus elasticity 3000000, aad half the 

*“Concrete 25. 

Copenhagen, 1908, Vol. pp. and 85. 


See also Transactions, Am. Soc. Vol. LXXXIV (1921), Fig. 36, 104. 


“Experimental Data Bearing Upon Properties Materials Employed Reinforced 
Concrete”, Minutes Proceedings, Inst. E., Vol. 178, 301. 
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deformation taken care deformation the arch, tensile stress 
nearly 600 per sq. in. would produced the buttress. the winter, 
when the temperature the buttress below that the arch,.the tensile 
stresses the buttress are still greater. 

This matter was brought the writer’s attention recently visit the 
Lake Hodges Dam near San Diego, Calif. This multiple-arch dam 
designed Mr. John Eastwood, the originator multiple-arch dams. 
Some the buttresses have cracked approximately, shown Fig. 42, 
Toward the arches, the cracks run roughly perpendicular the face the 
dam, and, toward the base, they turn into vertical position and disappear 
toward the arches well toward the base. must noted that the 
opening through the buttress has nothing with this crack, one 
the buttresses there opening, and the crack the same place the 
other buttresses. The width some the cracks was in. larger when 
seen May, 1922, and apparently extended through the buttress. places, 
they run horizontally, evidently following construction joints. far the 


SKETCH SHOWING 
POSITION CRACKS 
LAKE HODGES DAM 


42. 


writer can learn, there steel the buttresses, but there some horizontal 
and longitudinal steel the arches. This information submitted because 
has important bearing design, but not intended criticism 
Mr. Eastwood, who has been pioneer dam design, and may may not 
have gone too far this particular case; but, any rate, has been asset 
civilization, and far none his dams has failed. The writer cannot help 
contrasting his usefulness with the methods another engineer who was 
engaged design gravity dam and proceeded drawing the profile all 
other dams about the same height and then determined his section the 
simple process making heavier every elevation than any other dam built. 
The one engineer promotes civilization the savings makes possible, and 
the other retards civilization, and, after all, the one may take greater 
chances than the other. 

The shrinkage stresses which would produced buttress such that 
shown Fig. 42, would cause crack perpendicular the face one end and 
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perpendicular the foundation the other, exactly like the crack shown 
the diagram. The crack near the groin may also have been produced, partly 
entirely, tension due the loading the dam and altogether aside from 
shrinkage stresses, Fig. parallel the up-stream face, but the 
writer has not the detailed data necessary determine this. there tension 
across the crack, due the loading the dam, the longitudinal steel the 
arches the entire tension. 

The stresses due shrinkage may very considerable. For high multiple- 
arch dams would certainly advisable and perhaps necessary provide 
temporary contraction joints the buttresses, the arches, both, 
would not economically possible provide sufficient steel carry all 
stresses due shrinkage, and, moreover, these stresses cannot determined 
with any great degree precision. seems, therefore, both safer and more 
economical avoid shrinkage stresses far possible suitable con- 
struction methods. 

The stress distribution the foundation certainly very complicated, due 
the sudden enlargement the section, but the foundation all what 
should be, the part the dam lying below normal section passing through 
the down-stream toe the buttress should not the seat dangerous stresses. 
Approximately, therefore, the foundation pressure determined Equation 
(28), when the usual assumption made, that the bending stresses vary 
when investigating foundation pressures, Equation (28) should give approxi- 
mately correct values, spite the fact that the ordinary equations for bend- 
ing are based normal sections. The friction which prevents the dam from 
sliding down-stream determined the usual manner. Equation (28) 
shows tension the up-stream face, and adhesion between the concrete and 
the foundation can relied on, Equation (28) does not give the correct distri- 
bution stresses. However, multiple-arch dam should considered, which 
does not show fair compression the crown when studying the horizontal 
joints, and this compression the crown should greater the greater the 
water pressure that point. this compression equal the water pressure, 
then uplift cannot affect the dam, but the writer believes that will not 
generally possible secure that high pressure the crown without having 
excessive buttress lengths. 

High buttresses have tendency buckle, due the and the stresses, 
but believed that most well designed and properly reinforced buttresses 
will require little additional steel make them safe against buckling. Some 
side-bracing desirable, any case, and quite possible that for high 
dams the buttress spacing should increased considerably, order obtain 
heavier section, more capable withstanding column action and cheaper 
build. For high dams, desirable increase the thickness the arches, 
order withstand the greater hydrostatic pressure and prevent leakage 
through them, and this fact may taken advantage increasing the 
the buttresses and consequently their thickness. Arches 170° 
180° should also considered, because, when compared with 120° arches, 
they require little more concrete, the temperature stresses are smaller, and the 
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reaction from the arches lies nearly the plane the buttress, that 
failure one arch much less likely involve other parts the structure. 
Also, the point application the water pressure lies farther stream with 
the 180° than with the 120° arch. For high multiple-arch dams, believed 
that 180° arches with nearly vertical up-stream faces will give the most 
economical and most desirable design. They will probably need some special 
provisions and precautions insure them against sliding the foundation. 

Attention should called specifically the fact that concrete very resist- 
ant shearing stresses, the shearing strength being about 60% the 
strength compression. shear 300 per sq. in., therefore, worse 
than compression 500 lb. per sq. in. The narrow limits assigned the 
allowable shearing stresses ordinary beams not due the shear proper, 
but the diagonal tension which generally accompanies shearing 
ordinary beams, there generally proportionality between the shear 
and the diagonal tension, immaterial whether one the other taken 
the controlling factor. buttress multiple-arch dam, this not 
the case. compression taken positive and tension negative, Equa- 
tion (27) shows that tension does not exist any direction point where 


always positive and and must both positive, otherwise there 
will tension. The shearing stress which will produce tension, therefore, 
depends the compressions, and illustration, the following are 
typical values for concrete: 


Ultimate strength. 
Compression .............2400 lb. per sq. in..........100% 


Whenever the stress any direction exceeds any these values, failure will 
occur. If, for example, test specimen, and the 
smallest principal stress Equation (27) 400 lb. per sq. in., tension, 
and failure would occur; but, per sq. in., the maximum 
tension only 200 per sq. in., and failure should not the 
deformations are considered limiting, somewhat different values will 
obtained. 

illustration how combined stress affects different dif- 
ferently, cast iron and soft steel stressed torsion will serve. material 
stressed torsion stressed shear planes perpendicular the axis, 
and tension and compression planes making angle 45° with the 
planes which shear acts. Also, the shearing stresses are equal the tensile 
and the compressive stresses. material such cast iron, where the 
tensile strength less than the shearing strength,* the failure should due 
tension, and occur plane making angle roughly 45° with the axis.t 


John Goodman, “Mechanics Applied 1912 316: ‘‘In 
large number tests, made the author’s laboratory, the shearing strength cast-iron 
has come out rather higher than the tensile stress the ratio 1.1: 
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material such soft steel, the other hand, where the tensile 
strength exceeds the shearing strength, failure should due shear, and 
occur plane perpendicular the axis.* 

the tension buttress properly taken care steel reinforce- 
ment, there would seem reason object tension, and the writer 


not certain that tension could entirely avoided without increasing the 


cost materially. important note, however, that the criterion 


whether not design sufficient will generally whether not dangerous 


tension exists, and not whether the compression too high. Therefore, 
limit the compression, has been attempted, not sufficient. 

Economy the use steel may doubt obtained placing the steel 
the arches, but seems the writer that should placed the but- 
tresses, computations show required there. 

From the foregoing analyses the writer concludes that, future multiple- 
arch dams, the stresses should determined with greater precision than has 
been the case the past, and, when this done, higher dams can built 
safely, and higher stresses can used. The methods outlined herein will 
permit sufficiently accurate stress determination warrant the use 
higher stresses and higher dams. The indiscriminate use steel 
should not encouraged merely because tension exists parts the struc- 
ture, this would waste, and the writer cannot subscribe the doctrine 
sometimes advanced, that expenditure justified because cannot any 
harm and might some good. Before expenditure incurred 
engineer should make certain that justified; this attitude will result 
needed economies and the advancement the art and science 
engineering. 

conclusion, the writer wishes suggest that some action taken 
the Society toward having some tests destruction made few fairly 
large multiple-arch dams. The public utilities spend vast sums money 
each year dams, yet, far the writer knows, they have not contributed 
proportionally tests, although the information thus obtained would 
certain save many times their cost. Many the utilities are apparently 
satisfied put uneconomical structures, the plea that the more modern 
structures have not been tested sufficiently; some day public utility com- 
mission will hold, and with good cause, that this reason for assessing 
the order pay for uneconomical structures. this 
matter were presented some the more advanced utility managers, funds 
might obtained with which conduct tests fairly large scale. 


shown Fig. 24, Plate XIV Bach’s und Third 
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THE WORK THE CORPS ENGINEERS THE 
LOWER MISSISSIPPI 


The term “Lower Mississippi” indefinite. sometimes means the part 
the stream below New Orleans, La.; other times, applies that part 
below the Atchafalaya, but, for the purposes this paper, will taken 
that part the river from Cairo, the Gulf Mexico. 

The size the Mississippi, compared with other well-known streams, and 


the peculiar conditions found this waterway are not generally known, 


the magnitude and difficulty the engineering problems involved are 
less matters with which the Engineering Profession generally only slightly 
acquainted. The distance from Cairo the Gulf 1067 miles. This con- 
siderably greater than the entire length the Rhine, which, its mouth 
were placed the mouth the Mississippi, would have its extreme source 
about the southern boundary Missouri. The navigable part the Rhine 


Gulf Natchez, Miss. 


The Indians had saying that the Great Manitou placed banks all other 
rivers and defined the land over which their waters might spread, but that 
was unable control the “Father Waters”, and wandered over the 


country both sides its course far pleased. Few people realize 


that the land adjoining the stream its lowest courses soft, unstable, 


and unconsolidated, that there not sufficient area solid ground which 
found town city until New Orleans reached, 110 miles from the 
Gulf, and that the first ground not overflowed annually high water not 
found until Baton Rouge, La., reached, 135 miles above New Orleans 
245 miles from the Gulf. When white men began settle this region, 
the banks the stream the vicinity New Orleans were ft. above 
the ordinary low-water level. The ground sloped away from the immediate 
bank the river which was the highest ground that part the country. 
The soft material gradually consolidates, and, result, the center the 
City New Orleans, which has been protected from the annual overflow and 
the deposition fresh material since the introduction levees, 
actually below sea level. The first inhabitants built along the highest ground, 
which, previously stated, was the immediate river bank, and, the site 


happened quite large bend the river, the city took semicircular 
shape, which gave rise its appellation, the “Crescent City”, name that 


still retains, although the original shape longer exists. 

Before the introduction levees, the river could not rise many feet above 
its banks, but, with their construction, the waters have been gradually confined, 
with corresponding increase river fluctuations. Although the 
between high and low water not great the part the stream 
consideration its tributary, the Ohio, the fluctuation greater 
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THE 


that other important navigable streams, and much greater than that 
any European The difference between high and low water New 
Orleans about ft., the proximity this city the Gulf keeping the 
range within this moderate limit. Vicksburg, Miss., and Cairo, flood 
heights have exceeded ft.; Memphis, Tenn., the range ft. The 
Danube, Austria, spanned fixed bridges, with small clearance 
that stern-wheel boats have lower their smokestacks even low-water 
stages, but the fluctuation river level slight that navigation inter- 
rupted high water average only days year. 

places, the Mississippi its lower courses more than 100 ft. deep. 
Several years ago, the speaker was present when cave the bank occurred 
Plaquemine, La., and soundings, taken immediately afterward, showed 
depth 141 ft. Whether this depth had been greater immediately before 
the caving occurred, could not determined. 

peculiarity the Mississippi not found smaller streams its great 
boils and whirls, which times are large and powerful turn ocean- 
going vessels completely around. They cause depressions the water surface 
extending ft. more and raise the water level other points ft. more 
above the general surface the river. These whirls have tremendous eroding 
power, which may illustrated case that occurred several years ago 
near the outer end the Southwest Pass, when the speaker was charge 
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the New Orleans District. Large buoys, the form poles, anchored 
the lower end, had been placed about 1000 ft. apart ft. water, 
which indicate the westerly side the 35-ft. channel existed that time. 
Word was received that the outer buoy was indicating increase depth, 
and orders were given watch the place carefully and, the buoy was 


danger being carried under the surface, take up, place the 
wharf Burrwood, and make accurate soundings the locality. few 
days the depth place increased about 104 ft. The other buoys 
were not affected. This increase depth remained this particular spot for 
about months and then diminished ft. correspond with the remain- 
der the Pass. The cause was never ascertained, although careful soundings 
and investigations were made. Whirls the kind and power found the 
Mississippi not occur streams large the Ohio, and evident 


ans 
region, 

above 
the 


and 


now 

that careful observation the only way which possible study them 
site their effects. model experimental laboratory could possibly repro- 
duce them give information the volume and force the water 
that form them. Frequently, the banks the river are badly eroded 


these whirls, and, single season, they cut depth several hundred 


into what might regarded solid ground. 

nfined, The work done the river below Cairo naturally falls into two distinct 
range the improvement the bars and the outlets Passes, so-called, 
under the mouth the river, accommodate deep-draft navigation with the 
than and the stabilization the banks; the construction and main- 


tenance levees, avoid overflow and prevent changes channel; and, 
extent, dredging the upper reaches, maintain the 9-ft. channel 


1136 WORK CORPS ENGINEERS LOWER 


which has been adopted Congress the project depth for this part 
the stream. 

The study the physics and hydraulics the Mississippi River mad 
between 1850 and 1861, Capt. Humphreys and Lieut. Abbot, officers 
the Topographical Engineers the Army, may considered the 
basis and starting point the work improvement, and doubtless one 
the greatest contributions river hydraulic information that has ever 
been made. 

may considered the basis and starting point the work improve- 
ment, but the interruption brought about the Civil War, well the 
magnitude the task, delayed the commencement the systematic improve- 
ment the river from Cairo the Passes, for about years after the con- 
pletion the report. The removal snags and wrecks from the river, 
ever, was undertaken actively the Corps Engineers immediately after 
the close that war, and has been carried continuously since that time. 
The construction levees State and private interests was begun near 
New Orleans early date, and was gradually extended the river, but 
the unco-ordinated organization and administration the work rendered the 
levee system fatally defective. 1851, there was levee the river with 

1874, board engineers, composed three officers the Corps 
Engineers and two civil engineers, was convened authority Congress 
report permanent plan for the reclamation the alluvial basin the 
Mississippi. The board submitted its report 1875, the con- 
struction comprehensive levee system, and pointing out the need for 
adequate survey the basin for that purpose. the same year, report 
the systematic improvement the river for navigation, from Cairo the 
Passes, was made the Engineer Department. The improvement the 
river regulating dikes, afford minimum depth ft. and depth 
ft. all ordinary seasons, was recommended. 

The organization the Mississippi River Commission was authorized 
Congress 1879, and this Commission, “composed three officers the 
Engineer Corps the Army, one member from the Coast and Geodetic 
vey, and three from civil life, two whom must civil engineers”, was 
charged with the duty making surveys the river, and preparing plans 
for its improvement for navigation and for flood control. 

The work the Mississippi below Cairo since that date has been 
the direct charge the Mississippi River Commission. The law requires that 
its plans and each step its work must approved advance the Chief 
Engineers. The President the Commission, under the law, officer 
the Corps Engineers, and the Secretary officer the Corps detailed 
for the duty. Each the four districts into which the river divided and 
the dredging district which overlaps the others are under the direct chargé 
engineer officers, often with other officers their assistants. believed, 
therefore, that the work which the Commission has performed can included 
properly the scope this paper. doing so, however, not intended 
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detract any degree from the credit which should accorded the 
civilian members for the excellent and valuable work that they have done. 
The list civilian members includes the names some who have stood among 
the highest the Engineering Profession the United States. The officers 
the Corps Engineers have been proud the privilege working with 
such men, and have always fully appreciated their counsel and assistance. 

One the first steps undertaken the Commission was sys- 
survey the entire river, based triangulation and levels high 
degree accuracy. interest note that the United States Coast and 
Geodetic Survey, when adjusting the different lines the precise level net 
throughout the country, gave weight the work the Mississippi River 
Commission several times that its own work. are made when 
necessary, order study the progress changes the river. 

plan for the improvement the channel the worst reaches the 
river, contraction works and bank revetment, was begun 1881 and con- 
ducted actively for several years, until was interrupted failure 
appropriations. study the results accomplished convinced the Commis- 
sion that, although the requisite depths could probably secured con- 
traction, would necessary advance greatly the work bank protection 
before satisfactory results could obtained. Attention was turned the 
development dredges secure the desired channel depths, and for that 
purpose type dredge was perfected that was improvement that 
time. Although the Mississippi dredges can longer considered the 
last word design, the dredging fleet has maintained channel with depth 
least ft. and width 250 ft. all stages. must admitted that 
width 250 ft. narrow for the navigation the large tows that are now 
used the river, but doubtful whether greater width can provided 
without draining the pools and thus lowering the river plane. 

The Commission adopted the levee system the only feasible solution 
the problem flood control. The reclamation the overflowed lands, amount- 
ing sq. miles, with the restriction the channel width about 
mile, where the natural flood channel was much miles, must neces- 
sarily close vast flood-water storage and overflow area, and, consequently, 
increase flood heights with necessary consequence higher and stronger 
Standard sections and tentative grades meet these conditions were 
developed. 

The Commission has been charged with lack foresight with failure 
realize the full solution the problem establishing these tentative grades 
and then some years later raising them. claimed these critics that the 
Commission should have established final grade once for all, that the 
ultimate heights the levees might known. little consideration will 
show the weakness their position. When the levees were first built, they 
necessarily left large tracts the overflow area still subject flooding, with 
the result that this natural reservoir area temporarily held back large part 
the flood waters their passage toward the Gulf. The elimination 
these natural reservoirs has been gradual, and the construction continuous 
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levee line under Commission supervision has taken more than years. The 
Commission early adopted the principle placing the tops the levees— 
that is, the tentative grade line—3 ft. above the highest water which might 
the locality under levee conditions which might expected pre- 
vail exist for several years the future. 

Levee building costs money. Unprotected land had only nominal value, 
whereas protected alluvial land was among the most valuable found 
within the limits the States concerned. first, the levee districts could 
not finance the construction levees ultimate height, nor was there any 
necessity for their doing so. The Commission felt that its purpose was 
accomplished the lands were protected; and that method, which allowed 
the levees grow the reservoir area diminished and land values increased 
and more inhabitants moved share the burden, was the result wise 
and far-seeing policy. 

The earlier levees were built plantation owners front their own 
property, unincorporated associations farmers, and, later, legally 
constituted levee districts, all without Federal aid. The question was debated 
Congress long and bitterly whether was within the constitutional powers 
the Government the United States assist the building levees 
the Mississippi. was settled for the time being the passage the 
Flood Control Act, 1916, which authorized the Mississippi River Com- 
mission build levees receipt the contribution, from the levee districts 
concerned, amounts not less than one-third the total cost involved. 
This authority was extended the Act 1923 include the tributaries 
the main stream such points they were affected its flood waters. 
Most the levee work undertaken the Commission under this law has 
been enlarge and strengthen the levees and bring them the Commission 
standard grade and cross-section, under these different agencies. 

Formerly, the work was performed entirely wagons and scrapers pulled 
mules, but, within recent years, the officers charged with the work have 
developed various types drag-line and cableway excavators which the 
work may done more economically places where their operation 
practicable. 

the total 500000000 cu. yd., estimated necessary for the com- 
pletion the levee line below Cairo, only 90000000 cu. yd. remain 
placed. 

The efficacy levees for flood control emphasized the fact that 
712 crevasses occurred 1882, 1916, none 1920, and 1922; but 
for 700 miles below Cairo there were breaks the controlling levee 

was early found that the revetment caving banks, other method 
preventing their erosion, was necessary provide stabilization the chan- 
nel and protect the levee line, which otherwise would destroyed many 
points. The protection bank readily eroded material, when attacked 
such mighty forces those wielded the “Father Waters”, task 

worthy the most ambitious engineer, and calls for careful study and close 
attention the details the work. The river permits slip 
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construction escape its constant attacks. The work must done 
steep bank, often much steeper than the natural slope the material forming 
it, and not infrequently more than 100 ft. height. Most the revetment 
must laid under water, strong current, where there possibility 
seeing what occurring, and not the slightest opportunity make 
adjustment correct mishap. 


The Commission has found itself badly handicapped this work lack 
funds. Where there are several caving banks and eroding bends, each 
which dangerous, may necessary revet the most threatening points 
each, allowing the extension revetment sufficiently far and down 
stream from the point wait until funds may found what 
should have been done first. The river never waits. The length 
effective revetment place June 30, 1922, aggregated 105.5 miles. 

The Passes the mouth the river present complex engineering prob- 

lem. the Head the Passes, the river divides into three channels which 
spread fan-like into the Gulf, one these channels subdividing pro- 
ceeds. enormous quantity sediment passes through each these out- 
lets and deposited and beyond the outlets the Passes, forming bars 
which, their natural condition, would effectually close the Port New 
Orleans modern ocean vessels. 
The jetties constructed the late James Eads, Am. Soc. E., 
create channel through the South Pass are too well known require 
ed. description. may mentioned that Capt. Eads desired select the larger 
Southwest Pass for improvement. Fortunately for the Port New Orleans, 
well for himself, the smaller and more manageable South Pass was 
allocated his enterprise. Since the channel was opened, has formed 
ion the navigable outlet the river. 

1898, joint resolution Congress called for report board 
three engineer officers the Army the practicability securing navi- 
ave gable channel adequate width and ft. depth through the Southwest Pass. 
the The board reported that such channel was practicable and advisable, and 
presented plans for the improvement parallel jetties and other works, 

estimated cost $13 000 000. 
om- The estimate for the work did not meet popular approval. The next River 
and Harbor Act provided for board four engineers draw plans and 
estimates with view eliminating the inner jetties called for the prior 
that practicable, and, not, for their construction less cost. The Act 
but further provided that least two the members the new board should 
line. from civil life. 
thod The board presented its report the next year. Briefly, the plan placed 
chief reliance dredging open the channel. Jetties were provided, partly 
protect the channel from wave action and partly induce scour. The 
location the jetties was chosen with view principally cheapness con- 
task struction, they followed general the areas shoalest water. The esti- 
close mated cost the work, including dredging, was The project was 


adopted Congress, with the provision that the details the work were 
subject modification the discretion the Secretary War. 
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The plans did not prove successful. The irregularities the cross- 
section between the jetties times caused enormous deposits. The construc- 
tion the outer 2000 ft. the jetties was found impossible, the 
bottom the Gulf was soft that would not support even the foundation 
mattresses. Therefore, 1916, was decided construct inner line 
bulkheads secure uniform section between the jetties. The ultimate 
efficiency the plan, even modified, cannot now assured, but hoped 
that the studies that are being devoted the problem will soon bring 
successful conclusion. 

One the difficulties faced the improvement the Passes the 
fact that the discharge through the several outlets delicate hydraulic 
The discharge through the Passes selected for improvement must 
not permitted slacken sufficiently allow the river drop its load 
sediment increase sufficiently cut away the narrow banks that confine 
the channels the Passes. The discharge through the several channels 
controlled placing suitable sills the Head the Passes. 

Although the completion the levee system will realized the near 
future, and the improvement the Southwest Pass may considered 
approaching realization, the control the river far from being completed. 
much progress made during the next generation has been made 
the last, the Commission will have definitely accomplished the task given 
when was organized. 

expected that the future, the past, various alternative 
plans will urged for achieving the results desired. One these now being 
urged the provision spillways relieve the floods the lower river. All 
these proposals have been investigated and reported time and again. 
ever, with the growth the art engineering, plans which were not prac- 
ticable the past may become feasible the future, and the Engineer Corps 
will maintain open mind the investigation any reasonable means for 
river control, that are presented responsible organizations able engineers. 
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Papers. THE ECONOMIC LOCATION JETTIES 
THE ECONOMIC LOCATION JETTIES 
the 
tion 
INTRODUCTION 
nate paper entitled “How Build Stone Jetty Sand Bottom the 
oped Open the writer expressed the hope that would able “in the near 
future present the Society paper the subject the proper location 
jetties ocean bar order secure and maintain navigable channel 
the across without resort dredging.” This paper designed the fulfill- 
ment that promise. 
must Fifty years ago little was known the art deepening ocean bars 
means jetties. The effect produced the action the and waves 
any form construction placed there was extremely uncertain. This 
els made evident consideration the numerous plans adopted and carried 
out enormous cost, both America and Europe, which many cases 
have resulted total partial failure. Some these older designs may 
single straight jetty, the mouth the Liffey, Ireland, 
before the construction the “Great North Wall.” 
2.—Converging jetties, the mouth the Liffey, after the Great 
North Wall was added. 
3.—Diverging jetties, the mouth the Maas, Holland. 
4.—The single curved jetty, Swinemiinde, the Baltic Sea, and 
Aransas Pass, Texas. 
5.—Twin jetties, South Pass, Mississippi River. 
and the Tampico jetties, the mouth the Panuco River, 
Mexico. 
7.—Jetties with submerged openings the shore end, Charleston, 
C., and many others. 


These various designs will taken serially. 

The Single Straight single straight jetty the mouth the 
Liffey did not prove satisfactory. failed not only produce the 
deepening required, but did not produce sufficient concentration current 
maintain the depth after was secured dredging. 

The writer knows instance single straight jetty being any 
way efficient, except where had been used conjunction with some natural 
object for the purpose prohibiting the ingress sand; however, may 

said have its uses, although limited its applications. 

Converging Jetties—The construction the “Great North Wall”, the 
mouth the Liffey, converted the plan into one converging jetties. The 
this work was scour deep place the channel—at the point 
Where the two jetties approached each other—in excess the requirements 


*Cons. Engr., Detroit, Mich. 
Transactions, Am. E., Vol. LXXV (1912), 1040. 
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navigation, and form new bar advance the jetty ends. This 
effect produced everywhere converging jetties, and leads only addi- 
tional and greater expense the future; hence, their use should avoided 
where any other less objectionable plan applicable. 

Diverging Jetties—The plan diverging jetties the mouth the 
Maas was adopted its designer, Mr. Caland, with the idea making the 
entrance conform that the estuary tidal river, get the full 
effect the tidal ingress. the results were not satisfactory, third jetty 
was built, contract the outflow, but the expected channel was not developed 
the action the current, and the required depth had secured 
dredging. 

Single Curved single curved jetty Swinemiinde has met with 
such remarkable success that merits somewhat careful examination.* 

The littoral movement said small, and what little there seems 
prevail from the Being situated bight the sea facing north, 
any waves produced northerly winds would break the shore angle 
such that the littoral drift would carried toward the pass from each side, 
and the fact that the shore has advanced ft. years—almost ft. 
per year—shows that the quantity means small. 

The width the pass ft. its narrowest place, and 525 ft. between 
the 24-ft. contours. Two ocean steamers can pass without difficulty. 1828, 
before improvement, the entrance depth was only ft. 

The improvement consists “two jetties unequal lengths.” The east 
jetty built curve 6000 ft. radius turning the west, giving the 
channel direction its outer end northwest north. Its length beyond 
the shore line ft. The west jetty consists two straight parts making 
angle with each other. The inner part converges toward the east jetty, 
and 2100 ft. long. outer part diverges from the east jetty, and 
ft. long. projects beyond the shore line ft. The nearest approach 
the east jetty ft. 

Both jetties have been extended several times, the shore line has advanced 
into the sea. This was necessary account its location, which favored 
the accumulation drift and the works eventually would have been buried 

This work has resulted the development channel having depth 
excess the requirements navigation but deficient width, that 
dredging has been necessary order maintain the required width. This 
widening has been done moderate cost, with one small dredge, thus giving 
the port navigable channel with depth more than ft. the entrance. 
This considered remarkable achievement channel development 
coast subject heavy gales. possible that curvature exactly suited 
the case would have produced and maintained the requisite channel without 
resort dredging. 


Transactions, Am. Soc. E., Vol. XLII (1899), pp. 521-523, 545. 
Notes Asst. Engr. Davidson, Coast Survey Report for 1875, 300. 
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this paper the writer purposes indicate method determining the 
proper curvature given jetty order obtain the best results 
any given case. 

Single Curved Jetty Aransas Pass, single curved jetty 
Aransas Pass was commenced 1895 and completed 1909. Fig. 
map Aransas Pass, from surveys made June, 1909. The single curved 
jetty marked “north jetty”. Commencing the outer end, 1500 ft., 
ture 000 ft., and 850 ft. reversed curve, has radius curva- 
ture 3000 ft. Thence the shore, straight line, the distance 400 
making total length 950 ft., which 700 ft. part the curved 
jetty proper and the other 250 ft. merely shore connection. Until 1909, 
when the last 1400 ft. the shore connection was constructed, the current 
was allowed flow freely across the channel the inner end the unfinished 
work, The channel everywhere along the curved jetty proper has depth 
more than ft., and least width 150 ft. between the 18-ft. contours. 
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than ft. The jetty was commenced the 15-ft. contour, outside the bar, 
and that contour was practically the same place years later. 

time was allowed for the full development the channel, after the 
completion the curved jetty, enlarged project had been adopted which 
provided for the insertion south jetty, and this required dredging aid 
enlarging the channel. Enough was done, however, demonstrate prac- 
tically the correctness the theory the single curved jetty for bar deepen- 
ing, and also the theory that bar advance may prevented building 
the jetty from the outer end toward shore. The requisite channel was secured 
automatically before second straight jetty was commenced. 

Twin Curved Jetties—An example the twin curved jetty plan that 
executed the late James Eads, Am. Soe. E., the South Pass 
the Mississippi River.* These jetties are unequal length, the east jetty 
having length 4000 ft. before the west jetty commences. The two jetties 
were built 1000 ft. apart, but this width was afterward contracted groins 
the ends which were connected inner jetties, giving the waterway 
width about 650 ft. These inner jetties are straight for 2500 ft., then 
curve the west with radius ft. for ft., and continue with 
curvature 000 ft. radius for 1700 ft. the outer end. The channel was 
contracted still more groins built out from the inner jetties, giving 
width only 500 ft. places the straight part and 580 ft. the curved 
part. This greater width the curved part represents the greater scouring 
power caused the curve. The depth throughout more than ft., with 
width 240 ft. between the 30-ft. contours mean low tide. 

significant that the width South Pass itself varies between 530 
and 850 

Twin Straight Jetties—There are two notable examples the construc- 
tion twin straight jetties: One the mouth the France, 
where the French Government spent the construction two 
jetties which, after being completed, were abandoned failures. The other 
example the mouth the Panuco River, Mexico, known the 
Tampico jetties which were regarded great success. the first case 
the construction was slow that the extension the jetties was unable 
overtake the advance the bar, and when the jetties were completed, 
designed, the bar was still well advance their outer ends. The work 
the Tampico jetties was done with great rapidity, and both jetties had been 
built above water surface throughout their entire length before any great 

rise the river occurred. Then, when the flood came, scour took place 
throughout the entire length the jettied channel and the material was 
carried well out into the strong littoral current (induced “northers”), which 
prevents deposits near the jetty ends. fact, the water deeper just outside 
the jetties the Gulf than the jetty channel itself. 

Jetties with Opening Shore End—The work Charleston, C., built 
with openings the shore end the jetties has proved 


“The Mississippi Corthell, 1880. 
Report Chief Engineers, A., for 1908, 1474. 
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its results that the system may regarded having been tried and found 
wanting every element economy and utility, the littoral drift not 
arrested outside the work. 


From the foregoing will seen the variety data accumulated within 
the last fifty years bearing this problem, and from which some fundamental 
may drawn. distinction must made, however, between 
bar the mouth sediment-bearing stream and one the entrance 
strictly tidal harbor. the former, the ultimate advance the bar 
generally inevitable; but, the latter, the advance the bar can generally 
prevented. Capt. Eads greatly delayed the advance the bar South 
Pass building the jetties from the bottom up. The advance the bar 
Tampico was prevented the fact that the jetties were practically com- 
pleted before the commencement the floods the Panuco River, which 
scoured out the channel; and the advance the bar Aransas Pass was 
prevented building the jetty from the outer end toward shore. The action 
the same either case. The scour once initiated, the material not 
allowed stop until passes beyond the ends the jetties and far out into 
deep water, swept aside the littoral current. 

This one the most important principles observed jetty 
struction, and will depend its correct application.* 

the systems which have proved successful, three stand out prominently, 
namely, the twin straight jetties, the twin curved jetties, and the single 
curved jetty. these systems, the one best suited any given case will 
depend largely local conditions, such winds, tides, littoral current, the 
demands commerce the time and for the future, 

Twin Straight Jetties—If twin straight jetties are adopted, they should 
parallel throughout the length covering the bar deepened. deflec- 
tion the inner ends connect with the shore will generally necessary. 
They should extend beyond the bar such depth will insure the required 
depth channel, and should built high throughout connection with the 
shore. The height should such that storm waves will not wash over them 
ordinary high tide. The distance apart should such maintain the 
required depth without dredging. Where this width insufficient for navi- 
gation, too small for future enlargement accommodate the increasing 
demands commerce, must made greater, and the required channel 

ust maintained dredging. The direction the jetty should normal 
with the direction the littoral current. 

Twin Curved twin curved jetties can utilized, they 
will maintain depth least 50% greater than straight jetties, and, there- 
fore, greater width between them will suffice maintain the required depth 
channel. many this will meet the demands the future, and 
dredging operations will eliminated. The location should such that 
the outgoing current will meet the curve tangentially, and the curvature 


For more complete description the method applying this principle, the reader 
referred Transactions, Am. Soc. E., Vol. LXXV (1912), 1040. 
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should such found inside, where the required channel maintained. 
The distance apart should sufficient provide room for dredging any 
future enlargement the channel which may required. Other specifica- 
tions are the same for straight jetties. 

Single Curved the single curved jetty is- applicable, there 
once saving one-half the cost two jetties, and also saving 
time. has advantage over the straight jetties, because the greater 
channel that will maintain.* also has the advantage securing the 
maximum channel which the are capable producing, without 
limiting any way the possibilities enlargement dredging meet any 
future demands commerce. 
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The conditions favorable for the successful application the single curved 
jetty are: First, continuous current one direction, the mouth 
river; second, tidal current and out harbor; third, caused 
wind alone conjunction with the tides; fourth, prevailing littoral 
current one direction; and, littoral current caused wind which, 
the same time, causes strong outgoing currents the site. 


Transactions, Am. Soc. E., Vol. XXIII (1890), 153. 
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These favorable conditions are found all along the coast the Gulf 
Mexico, including the mouths the Mississippi, number places 
the Atlantic Coast, Rio Grande Sul, Brazil, ete. 

More care must exercised selecting the location single curved 
jetty than for twin jetties. Four conditions have fulfilled order 
get the best results: The proper curvature must determined; the jetty 
should placed the windward side the channel, that is, the side 
from which the littoral drift comes; the direction the outer end must 
normal inclined with the direction the littoral current; and the 
outgoing current must meet the curve the jetty tangentially. this last 
condition cannot met, short jetty the opposite side the channel 
should placed give the current the proper direction meet the 
curve. some short second jetty may required order give 
stability the gorge and retard the entrance sand during flood tide. 
Other specifications are the same for twin jetties. 
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Two examples showing the proper location single curved jetty are 
given herewith. 

Rio Grande Sul, Brazil—Fig. map the bar Rio Grande 
Sul, Brazil, from survey made 1885, which shown the location 
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single curved jetty, A-B, 800 (12 465 ft.) long, with radius curvature 
B-C, 950 (3115 ft.) long, with radius curvature 1250 
740 ft.). This makes the total length, from 4750 (15 580 ft.), 
approximately miles. Across the channel the west there short 
jetty, with length 1250 740 ft.) and radius curvature 
4000 (13 120 ft.). The curvature given A-B the same that found 
Canal Norte give navigable channel (33 ft.) deep, greater. 

out according the rules given this paper, this plan should 
produce and maintain navigable channel (33 ft.) depth without 
any advance the bar during after construction. 

Galveston Bar, map Galveston Bar, Texas, from 
survey 1884, which shown single curved jetty, having length 
17600 ft. and radius curvature 23000 ft. This connected with 
the shore reversed curve, having length 400 ft. and radius 
curvature 8000 ft. The curvature given the jetty that the 
channel approaches the bar, and corresponds the curvature Bolivar 
Channel, where the depth more than ft. and the width between the 30-ft. 
contours 1500 ft. 

Had this plan been carried out specified herein, there should have 
resulted permanent channel across the bar with depth more than ft. 
and width that depth between 1000 and 1500 ft., without bar advance 
and without dredging. 
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THE SUCCESS THE MISSISSIPPI RIVER LEVEES 
THE FLOOD 1922 


the final analysis business venture, the result that counts. 
When this 99% that predicted, the enterprise counted success. 

During the 1922 flood and its recession, writers for several publications 
the system levees the Mississippi River (begun 205 years ago) 
was still the experimental stage. Misgivings about this system 
flood protection are held almost entirely persons who have direct interest 
it. those who depend the Mississippi levees for protection and who 
contribute substantially their cost, safe say that not one thou- 
sand would favor their abandonment. 

Including short extensions tributary streams, the system below Cairo, 
comprises about 1600 miles levees, which protect more than 000 000 
acres rich plantation land. also protects number cities and towns 
and thousands miles railroads. Although apprehension was caused 
several developments weakness and caving river banks during the 1922 
flood, the people generally, this vast area, continued their daily occupa- 
tions when the river below its banks. 

There was only one break between Cairo, and New Orleans, La., 
river distance nearly 1000 miles, including 1400 miles levee both 
sides the river. This break occurred levee ft. below the Mississippi 
River Commission grade that was correspondingly deficient cross-section. 
The water stood ft. above the levee, where was held hastily built 

Two smaller breaks occurred below New Orleans, where, because prox- 
imity the Gulf, the area flooded was less than would have resulted from 
breaks farther stream. Several breaks also occurred small districts 
above Cairo. 

Present Grades—From time time, the Mississippi River Commission 
has adopted tentative levee grades, the last revision which was made 
The Commission and most the officials the levee districts have 
worked toward the completion the system this grade which substan- 
tially above the highest gauge readings thus far recorded. About 500 miles 
have been brought such grade. point did the water the 1922 
flood rise above the Commission grade. 

The establishing final grade during the early years levee 
building apparent. Until 1884, when the Upper Yazoo District was organ- 
ized, every flood considerable size spread over most the “Yazoo Delta” 
(Mississippi). Until recently, most the St. Francis Basin (Arkansas) was 
submerged every flood. 1897, the St. Francis Levee was not built south- 
ward far Memphis, where the flood that year had width miles. 
the elevation the flood-plane, due confining the water narrow 


Cons. Hydr. Engr., Memphis, Tenn, 
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floodway, could have been pre-determined with exactness, would still have 
been wise policy adopt temporary grade below the ultimate. With the 
limited resources then available, would have taken many years build 
continuous levee the ultimate grade required. The plan adopted has 
resulted protecting, since about 1890, much the dependent area from all 
floods, most that area from nearly all floods, and all from several floods 
that, the absence levees, would have submerged it. 

Performance for desperate fighting the levee forces and 
heroic assistance citizens, railroad officials, and all available agencies, there 
would have been other breaks during the 1922 flood. Among the prominent 
places where the levees were held with difficulty were those near Scott, Miss., 
and Arkansas City, Ark. Both these fights resulted from levee sections 
which were below the Commission grade. Old Town, few miles below 
Helena, Ark., the bank the river caved, taking with section the levee, 
but not before temporary levee had been built behind the cave. “Devils 
Tunica County, Miss., the current across the narrow neck long 
peninsula rapidly enlarged gorge near the levee (that had been quiescent for 
years) and caved the center the levee before the movement was checked. 
The situations Old Town and Devils Hole were not caused deficiencies 
the levees themselves. recurrence either can prevented taking 
greater precaution, location and construction, against current attack which, 
the past, has caused comparatively little development critical situations. 

Increased Levee 1882-83-84, when most the basins had 
only fragmentary levees, very small section, there were 712 crevasses. Prac- 
tically all lands behind the levees were flooded. 

1912, from Cairo south (with flood-plane averaging ft. above that 
1882), there were about crevasses the main river levees, flooding only 
about 30% the territory dependent them. 

1913, with flood slightly higher than that 1912, there were half 
many crevasses, and only about 10% the entire territory was flooded. 

1916, only one break major consequence occurred main levee, 
and estimated that about the entire territory was flooded. 

From Cairo southward, the 1922 flood was confined levees, for 700 miles 
the river’s length, without break. From Cairo New Orleans, distance 
969 miles river, with record stages for more than 550 miles, only one 
break occurred main levee, flooding less than the area. The two 
breaks below New Orleans flooded additional area. The levee system 
between Cairo and New Orleans, with many miles still unfinished, gave full 
protection 99% the dependent area. 99% result should counted 
success. 

Ultimate Flood Stages and Levee Grades.—In 1882, there was record 
stage Cairo. The floods the next two years reached about the same stage. 
Much the water from these floods escaped from the channel above Cairo; 
and, throughout the length the river below, there was little restraint the 
inadequate levees, then existing, that practically the entire alluvial basin 
was covered. 
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1897, with stage 0.2 ft. lower than 1882 Cairo (for more 
confined flood, hence smaller volume), the resulting stage Memphis was 
ft. higher than that 1882. The reduction the difference between the 
Cairo and Memphis gauges from 16.7 ft. 1882 14.0 ft. 1897 was due 
the exclusion the water from part the St. Francis Basin. 1903, 
confining the flood water still more, this difference was reduced 10.5 ft. 
For the succeeding floods, when not affected breaks, the Memphis gauge 
has maintained approximately this last relation follows: 

1907 1908 1912* 1913* 1916 1917 1920 

About 1899, the speaker estimated that, with maximum flood confined 
levees, the Memphis gauge would equal Cairo ft., reasoning 
that would approximately the same for crests reaching about bank- 
full, when escape from the channel occurred, instead ft., the least dif- 
ference theretofore recorded for flood approximating the maximum. This 
estimate was confirmed approximately the flood 1916, which was the first 
one nearly record stage Cairo pass the Gulf practically confined 
levees, except for the escape considerable volume the south side the 
Arkansas River, through the Cypress Creek gap. Projecting assumed maxi- 
mum flood-plane parallel that 1916, the speaker advanced ultimate 
levee grade from Cairo Vicksburg, Miss.t The one break above Vicksburg 
1916 had little effect any gauge, because the escaping water returned 
through the White and Arkansas Rivers, few miles below the break. When 
this grade was proposed, some uncertainty remained the result 
gauges below the Arkansas River when the Cypress Creek gap should closed. 

The 1922 flood was the first from 
which water escaped this gap, 
through which has been estimated 
formerly left the river. 
The speaker has now, study the 
1922 flood, together with former floods, 
revised the maximum flood-plane pre- 
dicted 1916. 

Although not practicable at- 
tempt predict exactly the stages 
which would result from the maximum 
volume entirely confined, the speaker 
believes that they can approximated 
closely. Given repetition the maxi- 
mum discharge 1912 and 1913 
Cairo, with the same duration flood 
and the same accessions from the trib- March April. 
utaries below occurred 1922, the Fic. 

Stages and below Cairo can predicted within about 1.0 ft. With levees 
built projected ultimate grade ft. above such predicted plane (decreasing 


Relation 1912 and 1913 affected several breaks. 
Engineering Record, April 1916, 452. 
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this margin below Red River), the levee system will confine even greater 
flood than the maximum record. There assurance that greater 
flood will not occur. 

Referring hydrographs for 1912 and 1913 Cairo (Fig. 4), their 
truncation due escape through breaks apparent. Curves have been pro- 
jected which appear entirely logical, and indicate that, been 
breaks, the 1912 water would have reached 56.0 ft., and the 1913, 57.0 ft., 
least 56.5 ft. would expected that these maxima would the 
same, almost the same maximum discharge given (at Columbus, Ky.) for 
both floods. order conservative, the highest these figures taken 
for Cairo. 

Memphis, likewise, taken conservatively, equal Cairo —10. This 
relation has varied from —11, being from —10 —11 during the later 
confined floods, and —11 1920 and 1922. 

For confined floods, Helena has generally recorded maximum stage about 
equal Cairo, ranging from Cairo —1.3 +0.8. 1922, was 
view the conservative prediction for Cairo, believed proper 
consider Helena the same figure. 

From Helena Vicksburg, the predicted flood-plane made parallel 
that 1922. Below Vicksburg, there gradual convergence. The rela- 
tions between several floods and the ultimate here predicted, are shown 
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Memphis, and 3.9 ft. Helena. was below the record stages, follows: 
Cairo, 1.1 Memphis, and Helena, 2.1 ft. 

The ultimate flood-plane now advanced follows: Cairo, 57.0 ft., Mem- 
phis, 47.0 ft., Helena, 57.0 Arkansas City, 62.0 ft., Greenville, 56.0 ft., 
Vicksburg, 59.0 ft., Natchez, 59.5 Red River Landing, 58.5 ft., Baton 
Rouge, 48.5 ft., and New Orleans, 24.0 ft. The speaker believes that levees 
built grade ft. above this profile (with some modification below Red 
River), and the Mississippi River Commission section, will hold the greatest 
flood which may reasonably expected. 

Bank the beginning levee building the Mississippi, 
many miles levees have been destroyed caving banks. the grades and 
sections have been increased, the cost rebuilding behind the gaps thus 
created has increased commensurately. The problem maintaining the 
system against this menace equal importance that completing 
adequate grade and section. During the last years, the Mississippi River 
Commission has done such bank protection work the funds appropriated 
Congress would permit. This work now far behind the urgent needs. 
Caving has approached dangerously near the levees number unprotected 
bends. The checking this caving not only saves the levee, but reduces the 
available volume material deposited the shoal “crossings” which 
cause most the difficulties navigation. most urgent that the Com- 
mission supplied with sufficient funds for vigorous prosecution its 
bank projects. 

many miles from the Mississippi River) that impounding reservoirs should 
substituted for the levee system, adopted conjunction therewith. The 
Mississippi River Commission, charged the Federal Government with the 
solution the Mississippi River problem, has affirmed that levees afford the 
only practicable means flood protection along the Mississippi below Cairo. 
has been ably shown high authorities that the greatest floods result from 
rains which fall such localities make reservoirs the head-waters 
for reducing these floods appreciably. 

the years confessedly inadequate levees, breaks were 
almost matter course. The country behind the levees was sparsely settled, 
and the residents were accustomed take care themselves and their stock 
during floods. break which, under such conditions, would have been little 
more than temporary inconvenience, would now The last 
break the Upper Yazoo District occurred years ago. Only 
years before, this District had practically flood protection. 1897, the 
District was still not highly developed, and most the residents had experi- 
enced number floods and were trained resourcefulness meet overflow 
conditions, that, beyond delaying planting operations, the break caused little 
damage. During the recent flood, when the writer was called take charge 
“Devils Hole”, about miles from the break 1897, and aid averting 
threatened his first thought was that break now would mean 
much greater calamity the district. After years immunity from 
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floods, the residents had ceased provide for their possibility. The reserve 
rowboats, kept for emergency many plantations, had been long since aban- 
doned. The population the district had greatly increased, and large 
number the present residents were without experience flooded country. 
Towns and small cities had grown up, and highly improved community 
would flooded. 

The levee system proven success the levees are promptly brought 
grade established conservatively the ultimate required, and protected against 
caving river banks. The end justifies the cost. The serious chance more 
levee breaks can longer taken the interests that depend levee pro- 
tection. The time for temporizing with the problem past. 

The interests dependent the levee system have reached enormous values, 
and these are increasing yearly. most districts, break now would destroy 
property valued millions, and would upset highly developed 
Such vigorous measures should taken, whatever cost, insure that 
breaks will not occur. 
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THE HIGH-WATER FIGHT OLD TOWN, ARKANSAS, 
1922 


the locality Old Town, Ark., near Milepost 20-21 the Cotton Belt 
Levee District, about miles below Helena, the Mississippi River points 
sharply into Arkansas, and, for many years, the shore has been wearing 
that direction. From time time during the past years, the 
Government has built dikes and revetted the banks, effort control 
and stop this wear. During the high water 1922, sections the revet- 
ment were washed out Milepost 21-22, and caving entered the levee. 


the morning April the indications were that this caving would breach 


the levee within days, and fight was made prevent this and the 
resulting catastrophe. 

March the river being about flood stage, sections the revet- 
ment had failed and caving had entered the levee, pointedly, within ft. 
the crown. March 29, had caved, still pointedly, within ft., 
the crown, and, March 31, breached the crown for about 150 ft. More 
caving occurred April 12, and 22, and May and 13, gradually widen- 
ing the breach the crown about 500 ft. and penetrating the banquette 
about ft. (half its width) for about 250 ft. 

March 25, preparations were begun prevent breach. 
sub-levee was built the banquette, around the point caving, and tied 
the crown each side. Conditions that time were not thought 
serious. However, March 28, the caving having continued, was decided 
rebuild this sub-levee, making larger and longer; and setting back 
the crown the banquette. This reconstructed sub-levee was being tied 
the crown around the caving points when caving breached the crown 
and the river poured over the banquette back the reconstructed sub- 
levee. The period caving thus far had been regular—every hours— 
and the breach March much larger—that the conditions were con- 
sidered very serious, and preparations were made for hard fight. 

was planned everything possible stop erosion, extend the 
sub-levee the crown the banquette, and build second sub-levee, with 
timber core-wall, the base the banquette. These sub-levees were about 
1000 ft. long, ft. apart, and parallel. The space between was divided into 
chambers cross-walls 50-ft. intervals, that the fight could concen- 
trated any one chamber that the caving might penetrate. They were 
built with feed sacks (ordinarily called sand-bags) filled with earth. 

Work the front the levee seemed hopeless, the depth 
and velocity the water and the powerful eddies. was decided not 
try make any local change the current for fear causing displace 
revetment sections above below the one that had failed and caused the 
trouble. barges and stone were not available within the time required, 
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was decided use mattettes, placed against the caving face, and far 
down the slopes under the water possible, thus breaking the action the 
water against them. The first these mattettes were made steel 
ing bars and steel mesh, covered with cotton bagging tightly laced on, but 
were found too rigid. Chicken wire was then used, with two layers 
the cotton bagging tightly laced on, and cross-bars laced every 
ft., with solid 4-in. stick firmly fastened cross-wise one end. 
Beginning the outer end, the mattette was wrapped tightly around cylinder 
heavy-gauge tin, in. diameter, packed with heavy ballast, and closed. 
was then placed the edge the water, saturated, and allowed unroll. 
rule, each mattette took its place against the caving face intended. 
They were ft. wide and ft. long, and were placed layers. rope 
was then attached the 4-in. cross-piece, and the whole was tied back 
firmly point outside the caving zone. Just how much good they did 
problematical. significant, however, that after they were placed, the 
caving interval was increased from hours days. Fig. shows view 
the breached levee, the mattettes place and the sub-levees. 

The entire job, outlined and out, involved the moving 
hand 4000 cu. yd. earth average distance 700 ft.; the erection 
timber core-wall 1000 ft. long, ft. high, containing 60000 ft. 
timber; the fabrication and placing mattettes containing 10000 lb. 
steel bars and mesh, 10000 sq. yd. bagging, sq. yd. chicken wire, 
and 12000 lin. ft. rope; electric light units, carbide lamps, tools, 
and equipment; and the feeding and housing men. 

the work outlined, 60% was done within hours, during which time 
there was very heavy rainfall. The remaining 40% was done during the 
following weeks, demanded. All the labor, materials, and 
supplies were moved over the Helena-Old Town Road, new high-class 
highway. The work was successful and this road contributed great deal 
toward making success. 

From engineering standpoint, intricate features were involved. 
Aside from the work itself, the community spirit manifested was the out- 
standing feature. The organization 1000 men—foremen, clerks, time- 
keepers, truck drivers, material men, and the commissary department—was 
built from local talent few hours. During the early morning 
April there was some confusion, but thereafter things moved 
ful end with speed and precision. 
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THE FLOOD PROBLEM 
THE LOWER MISSISSIPPI RIVER 


The Lower Mississippi understood that part the Mississippi 
River from Red River Landing the Jump, length 280 miles, extending 
200 miles above and miles below New Orleans, the end the levee 
system. 

The flood problem along this part the river, although similar many 
respects that the upper river, presents certain distinguishing features 
which make desirable consider somewhat apart. There are tribu- 
taries this lower part the river, and the drainage water the flood- 
protected areas ultimately finds its way through smaller streams the Gulf 
Mexico, without re-entering the main river. this respect, these protected 
areas differ from the basins the upper river, the drainage which re-enters 
the main river through un-leveed gaps, the lower end each basin. 

The flood problem the Lower Mississippi River, therefore, does not involve 
the disposition any part the rainfall that originates within its limits, but 
concerns solely the safe passage the sea the drainage run-off originating 
north this section. 

The first city engineer New Orleans, Blond Tour, who, 1722 
thereabout, built levee ft. high protect the city from overflow, and 
whose example was shortly afterward followed the settlers, above and below 
the city, both banks the river, then and there, under the stress cir- 
and the limit time and money, established the policy flood 
protection for the Lower Mississippi. the 160 years between Tour’s 
time and the great flood 1882 (which flood, some persons believe, has not 
since been exceeded volume), the flood height New Orleans increased only 
but during the past years, the flood elevation front the city has 
increased 6.5 ft. and front Baton Rouge, 8.7 ft. 

not intended infer that proportionate increase will follow during 
the next years. The increase flood heights the lower river recognized 
being due the building levees around the basins the upper river, 
which, past years, served retarding basins; recognized also that the 
partly due decrease the number crevasses. The point 
that desired stress, however, that parts the basins are still serving 
reservoirs, crevasses are still expected, and people the lower valley, 
should not led into fancied security the reflection that past flood heights 
represent the worst. This admonition should heeded, particularly, when 
realized that, the lower end the river, nothing has been done, either 
the river itself man, increase its discharging capacity, except the 
comparatively slight increase cross-sectional area brought about raising 
the levees. The slight increase slope the Gulf, that should follow 
result increased flood heights, has been nullified the extensions the 
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levee line down stream. Consequently, with practically the same cross-section 
and the same slope, there has been increase discharging capacity. This 
statement even more favorable than the facts warrant. 

Vicksburg, Miss. (365 miles above New Orleans), the maximum dis- 
charge approximately sec-ft.; and Carrollton New Orleans, 
1350000 sec-ft. Part the difference sec-ft. taken care 
the existing outlet the Atchafalaya, the extent about 300 000 
depending the contribution the Red River the Atchafalaya, and part 
the reservoir capacity the lower river channel. readily seen that, 
the flood period involving these differences discharge unduly lengthened, 
the customary reservoir capacity the lower river channel will absorbed, 
and record-breaking heights will follow. 

Such condition was brought about 1922 result the closure the 
Cypress Creek Gap (an opening between the levees the Arkansas River and 
those the Mississippi). Formerly, flood water was permitted pass through 
this gap and find its way the lower end the Tensas Basin. The flood 
1922 was shunted past this former opening, and although the height the river 
_was ft. less than the previous highest water Helena, Ark., 129 miles above 
Arkansas City, Ark., was 1.7 ft. higher than the record Arkansas City; 
and this with much lower flood the Arkansas River, measured 
Little Rock, Ark., than the one that established the previous highest water 
Arkansas City. 

report the Mississippi River Commission, under date November 
29, 1922, reference was made the effect the closure Cypress Creek gap, 
follows: 

“Both the floods 1916 and 1922 gave record-breaking stages between 
Arkansas City and Natchez without the influence maximum stages the 
Upper Mississippi the Ohio. the former year, 330000 sec-ft. flowed 
around the head the Upper Tensas Levee System and passed down Bayou 
Macon, Black River, and other streams, while 1922 this great volume and 
more, equal Red River flood stage, was carried the main channel. The 
increased stage was only about ft., and there reason believe that this will 
reduced re-adjustment river bed.” 

difficult reconcile this statement with that published the Annual 
Report the Commission for the fiscal year ending June 30, 1922 (pages 2040- 
2041), for noted that the flood height Arkansas City was 56.4 1916 
and 58.1 1922, increase 1.7 ft. also noted that the measured 
discharge Arkansas City was 1889000 sec-ft. 1916 compared with 
000 1922. particularly noted that the total discharge 
passing the latitude Arkansas City 1916, with the gap open, was 225 000 
sec-ft.; and 1922, with the gap closed, was 1768 000 sec-ft: would 
interesting have the Mississippi River Commission state what height would 
have been reached the Arkansas City gauge had the 1922 flood been great 
that 1916, and with the levees holding, and show how this estimated 
height obtained. 

The closing this opening has been justified, the opinion the 
sippi River Commission and levee authorities, the reclamation lands 
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previously subject overflow; yet the Commission, its report 1922 (page 
This 2045), places the estimated 1922 flood damages property and other losses 
the Fourth Mississippi River District (that part south Vicksburg) 
000 000. This estimate takes cognizance the commercial loss due 
the following: Shipments being diverted from the Port New Orleans 
reason the wharves being partly inundated; the limitation placed the 
activities the highly developed agricultural section contiguous the river 
due decreased credits allowed; the halted enterprises; nor the losses 
that, caused general demoralization business due protracted period 
ened, danger. These losses, although intangible, are real, and should translated 
into money value and added the 000 000 damages just referred to. The 
benefit the closure Cypress Creek Gap, offset these 

the losses damages, should also stated. 
and The policy closing off basins parts basins the upper districts, 
rough without providing facilities the lower river for passing safely the extra 
quantity water thus sent it, seems have met with little opposition 
until recently. The attitude complacency heretofore existing this part 
above the State toward such procedure may attributed unques- 
City; tionably certain doctrines preached the Mississippi River Commission, 
most prominent among which the following: “An alluvial stream flowing 
water bed its own formation will ultimately scour out channel accom- 
modate its The high authority pronouncing this dictum was respon- 
ember sible for the hope that was aroused the minds the people the valley 
gap, that application the theory would enlarge due time the 
section the river and eventually take care the floods lesser heights. The 
application this theory the lower river for years, under the most favor- 
able has shown indication the fulfillment this doctrine. 
Bayou The very opposite conclusion any one who compares recent 
discharge measurements with those former years shown Fig. 
The The people the lower valley hailed with delight the announcement 1914 
will ultimate levee grade based ultimate high water, believing that 
last the upward revision levee grades had come end; but they have 
since viewed with distrust the gradual degradation the term, “ultimate 
grade”, into the term, “approximate ultimate grade”, and now the more recent 

1916 term, “present provisional levee grade.” 
asured The suggestion, timidly offered from time time, that some the water 
let out the river, and thus reduce flood heights, was met with the state- 
charge ment from those authority that such means getting relief would 
225 000 disappointing both the extent the relief obtained and the length river 
which this insignificant relief would apply. necessary was that every 
would drop water held within the levee lines, order promote maintain 
great the scour the bed, that would fatal introduce any side opening, such 
imated spillway, for the reason that the abstraction the water from the river 
would cause the main channel below the spillway fill up, account 
reduced velocities, and this would result return flood heights the 


same elevations obtained before the spillway became operative. 
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1922, the Poydras Crevasse, miles below New Orleans, demonstrated 
the fact that effective, positive, and sustained relief could obtained 
letting some the water out the river, and that this relief was felt for 
160 miles. April 26, the day before the crevasse occurred, the United 
States Weather Bureau gauge, the foot Canal Street, read 22.6. The 
reading May 16, the same gauge was 20.6, simultaneous with the crest- 
ing ascending readings Donaldsonville, miles distant, and river 
points above. front New Orleans, there was direct observable relief 
ft. result the crevasse, and mathematically demonstrable indirect 
relief 0.7 ft. additional height that the river was due reach had there 
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been Poydras Crevasse, making total 2.7 ft. convincing was the 
result the crevasse lowering the flood height and holding down, not- 
withstanding subsequent rise Baton Rouge, that spillway flood-relief 
device gained many advocates. 

The Safe River Committee One Hundred, composed prominent busi- 
ness and professional men New Orleans, succeeded enlisting the support 
the Chief Engineers the United States Army request the Missis- 
sippi River Commission reconsider the merits spillways, which had 
consistently opposed since its organization, although times the slender 
majority one vote. engineering brief was submitted the Mississippi 
River Commission, inviting attention the continued smaller discharge 
for the same gauge readings New Orleans, and that, judging the river’s 
performance that respect, was not reasonable expect that future great 
floods, such should provided for, could passed between the levees 
the elevations assumed the Commission, and that, consequently, the 
approved grades were too low. The difficulty building levees higher 
grades was mentioned, and many cases subsiding levees were referred to, 
indicating that the limit the supporting power the soil which levees 
were built was being reached those brought the present grades. 
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spillway was recommended, built about miles below the lower city 
limits, discharging into Lake Borgne, arm the Gulf and only miles 
distant, shown Fig. was 600 ft. wide, with crest elevation 
about ft. below flood height, and have removable shutters that would per- 
mit the passage river flood ft. higher than the crest the weir, without 
operating the spillway, desired. The last feature was concession made 
the anticipated objection that the operation the spillway would cause shoal- 
ing the main channel below, the purpose the removable crest being 
minimize the frequency operation the spillway without reducing its relief 
when was needed. the same time was pointed out that there 
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was relation between gauge heights and the quantity sediment carried 
suspension, and, matter fact, the maximum sedimentary load was 
ried stages lower than the bank-full stage. the river was 
capable carrying suspension its maximum load silt with slopes such 
had stages ft. below the maximum height, the fear that might 
drop its sedimentary load result lowering its height below the spillway, 
may justly questioned. should spillway with crest ft. 
below flood stage considered different light from crevasse outlet 
discharging from the main river low stages and low velocities, and having 
the high turbidity content accompanying these conditions. 

table showing the relief expected varying stages the river indicated 
that flood which normally would reach ft. the Canal Street gauge, 
could passed reading ft., with discharge 250 000 sec-ft. over 
the weir. The high reading front New Orleans 1922 was 22.6. 
With the spillway operation, and with the levees brought present 
approved grade, was concluded that adequate flood protection would 
provided. 

The answer the Commission this brief was the effect that: 

“In view the comparatively slight reduction stage, the increased 
jeopardy incident increasing the length levee lines, and the bad effect 
the spillway the river itself, would seem wise first make the city 
safe tried methods which are wholly feasible and much cheaper.” 

former President the Mississippi River Commission, criticism 
the proposed spillway,* questions the practicability conducting safely 
flow 250000 between parallel levees ft. apart over bed 
alluvium, such that which forms the banks the Mississippi River, and 
with average slope ft. the mile. matter fact, the slope 
less than ft., and probably will not average ft. the mile, the cataract 
action the crest the spillway taken into account. should stated, 
also, that, present, the left bank the river, about miles below New 
Orleans, there stream, known Baptiste Collette Bayou, flowing between 
parallel levees and connecting the Mississippi with arm the Gulf. This 
bayou has high-water slope more than ft. per mile, and none the 
dire consequences predicted has The Baptiste Collette Bayou 
was diked across, about 1500 ft. back from the river, but the dike was blown 
cut during 1915. The river has been flowing through ever since, and 
there are protective works prevent the enlargement the bayou. 

The advocates the Lake Borgne Spillway did not think possible 
maintain the bed the channel without erosion. was 
that erosion would follow, and, attempt directing the location the 
erosion, was believed that the side levees should not built from excava- 
tions taken near the berm, but hydraulic dredge which would dig trench 
along the axis the proposed channel and thus induce the scour take 
place midway between the side levees, great extent possible. Mani- 
festly, would desirable permit the discharge from the spillway dig 
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channel for itself and depress its bed entrench itself for the entire 
miles from the weir the lake. bringing Gulf level from Lake Borgne 
the flexible concrete mattress apron provided the rear the weir, 
the problem maintenance could localized and handled better. 

the danger the structure washing out, account the character 
the foundation and insufficient dimensions, which was also referred 
the article mentioned, this question open discussion after examina- 
tion suggested plan prepared for the consideration the Government 
authorities (Fig. 9). was believed from the start that the plan sub- 
mitted, and finally decided on, might involve considerable modifications. 
For instance, the hydraulic jump, means dissipating some the energy 
flow, was not studied. The shape the rear surface the weir should 
depend the outcome observed results experimental models constructed 
scale. The width the flexible concrete mattress beyond the rock cribs, 
although 200 ft. wide Fig. was also recognized detail open 
further discussion. combination the rigid type structure, typical 
American practice, and the flexible type, used Egypt and India, was 
chosen, both seem have desirable features. 

The boldness the undertaking, relieve the Mississippi sec- 
ft., over weir 600 ft. long, constructed clay foundation, does not rate 
magnitude with similar structures built successfully English engineers 
India, notably the Dehri Weir (on the Sone River) which 500 ft. 
long, constructed sand foundation, and has discharging capacity 
830 000 sec-ft. 

The flood 1922 will memorable the lower valley for many years, 
not reason the record-breaking elevations attained the river that 
year, for these heights will exceeded before many more years, but because 
the sweeping aside many the traditions, theories, and folk-lore ideas 
concerning the flood control the Mississippi. 

longer will the people believe the doctrine that more water can put 
into the river without raising the flood elevation appreciably. longer 
will they believe that, water taken out the river, will not lower the 
flood height appreciably. Fine spun theories about the peculiar behavior 
sedimentary streams under the conditions mentioned will longer convince 
them the contrary. The fallacy these teachings was proved completely 
1922; closing the Cypress Creek gap disproved one, and the Poydras 
Crevasse disproved the other. result, there has been slow sloughing 
away the confidence previously felt the “levees only” theory, and 
insistent demand for some additional form flood control—a form that 
will give lower, not higher, flood heights—a form that will provide not only 
for flood protection, but for flood relief well; and the proposed spillway 
into Lake Borgne will partly afford the desired relief. 
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THE PORT NEW ORLEANS 


When America was first colonized, New Orleans and the surrounding 
territory were under French dominion; later, passed into the hands 
Spain; then was again French; and finally was ceded the United States. 
Under the circumstances, the laws New Orleans and Louisiana are largely 
tinged those the original “Mother Countries”, and some these laws 
are responsible for unique conditions affecting the Port New 

Commercial activity the Mississippi Valley began about 1700, when the 
earlier settlements the French were made the lower part the valley. 
New Orleans, which was founded 1718, grew rapidly, and soon became 
important port for shipments and from France and other countries. 
Because its geographical position, became collecting and distributing 
center for and foreign commerce. there were railways that 
time, the waterways were the main avenues commerce, and wagon roads were 
the auxiliaries. 

The valley the Mississippi, being originally under the French, was 
divided sundry treaties such way that, 1783, the west bank the 
river the upper valley was governed Spain and the east bank the 
United States; and, the lower 300 miles the river, both banks had passed 
from French Spanish ownership. 

this time, American settlements had been extended westward from the 
Atlantic Coast and down the Ohio River and other Mississippi River 
tributaries, and the right use the Mississippi free outlet the Gulf 
had become important one the United States. Spain that time 
declined grant such rights; and, 1788, Congress declared “that the free 
navigation the Mississippi clear and essential right the United States, 
and that the same ought considered such.” 

1798, President Adams negotiated treaty with Spain whereby that 
Government agreed the establishment free port New Orleans 
which Americans might deposit goods destined for transshipment, with 
other charge than fair price for the stores” (that is, use the ware- 
houses); and guaranteeing “that the whole width said river from its 
source the sea shall free the people the United States”. 1801, 
this territory was re-ceded Spain France, and, 1803, was purchased 
from France the United States. 

the Mississippi River from time time overflowed its banks, was 
necessary then, now, that cultivated otherwise improved lands 
protected levees. Many grants lands the French Government during 
the periods its ownership were not only conditional servitude for levee 
and highway construction the banks the river, but imposed the 
grantee the obligation build and maintain the levee and the road his own 
expense. There were definite declarations law this effect, under both 
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French and Spanish dominion. The “code” prevailing prior 1803 declared 
that the bank the Mississippi was “locus which the entire 
public had equal rights without regard the ownership the adjoining 
property, this being condition riparian title. 

the Purchase Treaty, United States acquired the Louisiana 
Territory from France, there clause whereby the United States agrees 
recognize the grants made prior the treaty; and fact, 1804, Act 
Congress, provides that “the laws force the said territory the com- 
mencement this Act, and not inconsistent with the provisions thereof, shall 

Subsequently, the first Territorial Legislature directed the preparation 
“Civil Code” for the use the Territory, and instructed the framers 
base the code the civil law which the Territory was then governed. The 
resultant code was adopted 1808. dealt length with the Mississippi 
River; with and private rights navigable waters and adjoining lands; 
and declared that “services imposed for the public common utility relate 
the space which left for the public use the adjacent proprietors 
the shores navigable rivers and for the making and repair levees, roads, 
and other public common works”. 

Thus, the territory purchased from France 1803, and more particularly 
that part now constituting the State Louisiana, the naviga- 
ble streams are free all citizens the United States; and the banks such 
streams are subject the public servitude for “levees, roads, and other public 
common works”, and the public may not divested these rights. Out 
this grows that control the water frontage within the Port New Orleans 
without which hardly have hoped for such progress and development 
has thus far been achieved. 

Being the lower end the Mississippi Valley (about 110 miles from the 
mouth the river), the importance New Orleans port grew rapidly 
after the development the steamboat and before the advent the railway. 
The many miles river and tributaries afforded means transportation 
and from New Orleans for the entire valley. During that period its 
history, the facilities the port such were administered the municipality. 

The wharves were flimsy construction, and their maintenance was 
sive. Later, the city leased the right operating the wharves and landings 
private corporation, and, time, this method became burdensome 
the traffic the port threaten its very existence. The business men 
New Orleans interested themselves the situation, through the leadership 
the Board Trade Chamber and 1896 obtained such action 
the Legislature resulted the formation the Board Commissioners 
the Port New Orleans agency the State Louisiana. This 
Board took over the management and control the port and its facilities 
1901, and almost immediately began make improvements, reduce 
and otherwise foster the business the port. Since that time there have been 
number legal battles, the results which have fixed firmly the principle 
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the servitude the river frontage for the purposes and uses commerce, 
and now the matter longer dispute. 

Although there are still some developments wharves like facilities 
the river-front, which are “privately owned”, all such facilities may taken 
over the Port Commission within its discretion for the public use without 
payment other than for the value the improvements. public control 
the river front, therefore, sufficient for the needs; and, the extension and 
development facilities for public use, the Port Commission has consider 
the value real estate only those cases which unusual depth (or width) 

would probably little interest discuss the construction materials 
and methods the past, because there was nothing about either which would 
acceptable for any construction present. 

the twenty-one years during which the present works have been con- 
structed, there has been all times desire build along the best lines avail- 
able, and may interest first outline the construction plans which 
seem standard for this port, and then furnish least some the 
reasons for not adopting higher and better standards. 

Fig. shows typical wharf and shed with sufficient detail make 
unnecessary any further description. All the piles, braces, caps, and stringers are 
creosoted pine; the decking untreated pine. The frame the shed 
structural steel with wooden sheathing, and the roof tar and gravel. 
has corrugated metal siding and rolling steel doors. 

The Engineer Department the Board Port Commissioners does not 
put forward this plan and these construction materials ideal, but, the 
light its information about the difficulties which are encountered, and, 
due its lack information about the causes and possible cures those 
difficulties, has felt that could hardly afford experiment extensively 
with any more rigid and more durable type construction. 

engineer was examine boat the wharves the port, would 
notice that nearly all the piles appear have been driven batter, with 
the upper ends leaning out toward the river. matter fact, the piles 
were driven vertically, and the batter the result one the difficulties 
discussed. 

The outward leaning pile the mildest form which this trouble manifests 
itself. times, 300 500 ft. wharf has moved outward (riverward) 
much ft., and downward (vertically) ft. within days. other 
times, the movement destruction has been almost instantaneous. any 
such movements, any material inelastic concrete would have salvage 
value, and would probably cause wreckage beyond the harbor line that would 
and expensive remove. 

For more than twenty years there has been fairly consistent and 
tinuous search for the cause these movements, which, however, has not 
produced entirely satisfactory results. Core drillings have been made 
depths 100 ft., and attempt now being made obtain dependable cores, 
foot foot, greater depth. Subaqueous surveys are being made through- 
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out the entire limits the developed water-front, and these are repeated 
year after year for careful studies subaqueous conditions. 

Other lines investigation are being started from time time, and 
hoped that these searches will provide more dependable information than 
now available, whereby means may evolved solving the problems which 
hitherto have not been conquered. 

These movements may result from strata quicksand, from erosions 
the toe the sloping bank, from overloading the bank too near its 
edge, from layers silt inclined planes deposited the river 
past ages. The silt from the tributaries east the Mississippi com- 
paratively coarse, having consistency about like that fine sand, whereas the 
silt from the streams the west the main river more like clay. the 
bedding planes the successive deposits dip toward the river, may 
possible that, after being saturated prolonged high-water season, one 
stratum slips another when the river has fallen the low-water stage and 
leaching the bank causes lubrication the bedding planes. Whatever the 
cause, now seems reasonably certain that deeper than ft. below the 
wharf grade, and may more than 100 ft. sure method treatment 
devised, there will radical change construction methods and materials. 

The fact that nothing noteworthy has been done this Port reduce the 
fire hazard the result the same physical troubles. conceded that fire- 
walls, extending from the low-water level above the roofs the transit sheds, 
should constructed reasonable intervals. Such walls, however, between 
low-water and high-water levels would act obstructions the current, and 
would cause deposits the sloping river bank beneath the wharves, which 
would tend disturb the angle repose and, therefore, induce movement. 
has been thought that the hazard such movement perhaps was greater than 
that fire; and the walls have not been built, because omitting them 
seemed that the Port Commission was choosing the lesser two evils. 

Two such walls, however, are now being constructed, and the results are 


observed closely. should practical scour out the resultant 


deposits such way prevent movement the wharves, other fire- 
walls are built rapidly possible. 
Although the Port Commission enjoys the the servi- 


tude, explained previously, that the actual water-frontage may never 


alienated from public use, fact that, many places within the port, 
privately owned property extends far riverward that the remaining strip 
land available for levee, highway, and port facilities quite narrow and pro- 
vides room for the necessary railway tracks, marginal roadway, and other 
essential facilities. Those parts the river front, therefore, that are too 
narrow for the development transit sheds, marginal roadway, and railway 
trackage, must dealt with another way, and are less useful than other 
parts the port where there more room for these facilities. 

should also mentioned that there difference about ft. between 


low water and high water. The cross-section Fig. shows the relation 


between natural ground level, low water, high water, and wharf grade. The 
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low-water period usually extends from July August January. The river 
generally begins rise February and does not recede until about June 
July. This 20-ft. range water level affects some degree the economies and 
conveniences loading and unloading ships. 

Because the difficult and not too certain foundation conditions, the cost 
supporting railway tracks the front the wharves high that few 
them are equipped this way. most the wharves there apron, 
ft. wide, front the transit shed, and the railway tracks are 
the rear the shed. 

Physical conditions thus determine the layout the port facilities, and 
until more known about preventing the banks from moving, the materials and 
methods construction are almost prescribed. 

The servitude enjoyed the public administered several agencies. 
The primary public necessity, course, for levees, which the community 
protected from overflow. The rights the public for such protection are 
the hands the Board Commissioners the Orleans Levee District, 
and its authority supreme where the safety the city from overflow 
involved. 

the river side the levees, the Port Commission the responsible 
agency; addition which controls the surface the levees and the 
property subject public servitude the land side the levees for the uses 
commerce, providing means for the transfer commodities between rail 
highway and water. The Port Commission has provided rights way 
the Public Belt Railroad Commission for its main lines and for its spur tracks, 
and every way has aided the development the facilities the Public 
Belt Railway. 

The Orleans Levee Board State Board Seven Members appointed 
City New Orleans the Governor the State. The Port 
mission also State Board, with five members appointed the Governor 
from “business men” New Orleans. The Public Belt Railroad Commission 
municipal body seventeen members appointed the Mayor New 
Orleans from the Board Trade, the Cotton Exchange, the Sugar Exchange, 
the Association Commerce, etc. 

Almost without exception, the successive members these several Boards 
have been actuated proper motives, and have accomplished quite 
factory results. However, the jurisdictions the several Boards overlap, and 
there always the possibility friction lack harmony. The writer, 
therefore, for some years has been convinced that better results might 
achieved, less cost the public, amalgamation these Boards, 
abolishing two them and turning over the responsibilities and the authorities 
now carried the three Boards the remaining one. 

Although the growth and development New Orleans port due 
large measure the public ownership the major part its port facilities 
and the control all them, many people believe that this inalienable right 
servitude the public has its disadvantages. For example, large indus 
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all time against the possibility expropriation its water-front facilities, 
nor may any definite leases with fixed terms granted legally the riparian 
property the Port Commission. 

Primarily with the object overcoming this disability, the project 
Inner-Harbor Navigation Canal was advanced several years ago. During the 
World War, the Port New Orleans committed itself definitely the con- 
struction this canal, which now about completed. 

The unusual difficulties which were encountered and the methods con- 
struction adopted are quite interestingly set forth paper* George 
Goethals, Am. Soc. Fig. map the canal, from which will 
seen that proposed construct quay wharves from the Locks the 
Florida Walk Bridge, and piers and slips from Florida Walk Bridge Lake 
Pontchartrain. Proposals are now being invited for the first unit construc- 
tion, involving about This construction shown Fig. 12. 


cn 
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this canal, the Port Commission, under the law, may lease any part 
its property for years, and proposed set aside part the canal 
frontage for such leases. Arrangements doubt will also made whereby 
lateral canals will permitted connect with the main canal, thus making 
possible increase enormously the facilities the port without extending 
these facilities distances remote from the business center the city. 

The water level the canal practically constant, its elevation being 
trolled the level the Gulf Mexico, which tidal range only 
about ft. This will permit the establishment grade for the decks 
piers and wharves that will most convenient and satisfactory for the transfer 
cargoes. The banks the canal are also such that will possible 
cost construct wharves and piers more nearly permanent 
materials and reduce greatly the fire hazard. 


Proceedings, Louisiana Engineering Society, June, 1920, 134. 
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expected that the Inner-Harbor Canal and the possible laterals con- 
necting therewith will provide facilities that will attract the Port industrial 
development large scale. 

realized that the growth such development will comparatively 
slow, and that, for some years, the canal will not earn sufficient revenue 
make directly paying investment, although that the increase 
business growing out the new industrial plants, which probably otherwise 
would not established, will indirectly more than pay for itself. 

also proposed connect this Inner-Harbor Canal with the deep waters 
the Gulf Mexico slack-water canal which will provide width and 
depth sufficient admit the largest vessels. Such canal would shorten the 
distance from the Port New Orleans the sea, provide slack water for 
navigation, instead the swift current the Mississippi, and provide the 
port with another means ingress and egress. Moreover, such channel could 
deepened and widened more easily than possible with the channel through 
the jetties, and, therefore, would more susceptible improvement the 
future necessities water transportation might demand, with much less cost 


Tons 


Millions Tons 


1900 1905 1910 1915 


Millions Square Feet 


than would involved improving the mouths the river. The Port 
New Orleans serves its hinterland efficiently nine railroads, the Mississippi 
River and its tributaries, and the minor waterways. equipped with 
miles wharves, nearly all shedded, and with reasonably adequate belt 
railway. Notwithstanding this, said that only about 15% (or not more 
than 20%) the port business which could flow more smoothly through New 
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Orleans than through other ports actually avails itself the facilities which 
the city has provided. 

Fig. shows graphically the growth wharf area within the past twenty 
years, the tonnage cargo handled the wharves within that period, and the 
tonnage cargo per square foot wharf per annum. 

Fig. shows the gross registered tonnage vessels arriving the Port 
New Orleans each year for the past twenty years, and also indicates curve 
probable growth the business the port like terms. 


Millions Tons 


1900 1910 1915 1920 1925 1930 1935 1940 
Year 


The officials the Port feel that, with the increasing use the inner 
waterways, with the shorter haul from the hinterland railways, with better 
understanding the benefits derived exporters and importers using 
New Orleans preference other ports, the growth the business likely 
develop far more rapidly than indicated the curve. 

Therefore, with ever-increasing port business taken care of, there 
seems reason doubt that, time, New Orleans will find ample use 
for all its river frontage and that its Inner-Harbor Canal. 
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THE PORT DEVELOPMENT PROBLEM THE 
LOWER MISSISSIPPI 


The object this paper discuss briefly the character the soils and 
subsoils which the structures the Port New Orleans must built, the 
shoaling and scouring problems caused the great silt burden carried the 


Mississippi, the instability the river’s banks, and, finally, the types 
structures that have been built. 


GEOLOGY THE LOWER 


all engineers are somewhat familiar with the method making fills 
with hydraulic dredges, the processes which the alluvial valley the 
Mississippi was formed are generally understood. carrying out the com- 
parison, the upper river and its tributaries may considered the dredges 
scouring agents supplying the power, the water, and the solid materials, 
The discharge points are those places where the river and its tributaries cease 
function eroding streams and begin spill into the vast alluvial basin. 

Those who have observed closely the basins into which dredge dis- 
charging have noted that the effluent does not persist one course through 
the basin, but may have one location one time, and then, erosion its 
own deposit, work out different course another time. the interim, the 
old course has become choked sedimentation. This illustration 
principle the behavior alluvial streams, that they tend maintain 
only one main channel. there are two more main channels the same 
time, one channel increasing and the others are decreasing area and 
discharge. Thus, probable that, the head the Atchafalaya River 
had not been choked about years ago sills placed the Mississippi 
River Commission, that stream would the main channel to-day. 

During the earlier high-water periods, the river, occasionally, would 
break through its natural banks places, thus forming new channels 
the sea. The remnants these waterways are the well-known bayous and 
alluvial ridges. Some these bayous are now used drainage channels, 
their heads having been closed off from the parent stream artificial works; 
others have been closed choking silting accordance with the prin- 
ciple just mentioned. 

During flood, the river may have overflowed its banks generally, only 
places, depending the quantity water carried and the channel capacity. 
The velocity that part the water which overflowed the banks was once 
sharply retarded, which caused immediate deposit the coarser materials, 
other alluvial streams, the result has been that the banks the stream 
are higher than the general elevation the country through which flows. 
This backward slope the river bank New Orleans about ft. 
about one-fifth per cent. 


Engr., Board Port Commrs., New Orleans, La. 
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the higher ground the banks alluvial river generally com- 
posed the heavier particles which were dropped first the overflow waters for 
left the main stream, the most favorable place construct levees and 
roads. artificial drainage was constructed these higher stretches thi 
ground were the only ones available for cultivation, and, fact, were the fre 
only parts the lower valley inhabited the early settlers. 

Near breaks the banks, such the present-day crevasses, there are fre 
marked sand deposits the form lenses belts, the heavier sand being lev 
deposited near the break, and the lighter silt and clay, the outskirts where 
the velocity had been reduced sufficiently permit sedimentation. During 
the formation the land, these operations were repeated, and thus the 
ground structure consists alternate layers sand and clay. 

Fig. illustrates the ground formation the lock site the Inner- 
Harbor Navigation Canal. The charts were prepared from data obtained from 
two borings. Other borings and subsequent excavation, area 300 ft. 
wide and 200 ft. long, established the continuity the various layers. Many 
conch and other marine shells were found the sand Elevation (Cairo 
datum), which elevation corresponds 47.3 ft. below Gulf level.* From this 
may inferred that recent geologic epoch the ground that particular 
point was contact with the ocean and that the soil immediately above was 
deposited the river. 

One the difficulties excavating this soil and also the relative instability 
the river banks caused the fact that many the sand layers extend 
the river. 

will observed from Fig. 15, that, recent times, the site 
the Navigation Canal, the area the north Dwyer Road was open 
marsh, whereas that the south was cypress swamp. Dredging operations 
along this canal show that marine life existed the marsh area within 
the present sea level. Surface deposits humus and traces clay, under- 
laid sea sands and shells kind not found Lake Pontchartrain to-day, 
were discovered. Dwyer Road, which marks the edge the 
there was sharp change the ground structure. 

From Dwyer Road the Mississippi there was marked sea 
sands and marine life the first ft. below the ground surface, there 
was unmistakable evidence that there had been forest life plane now 
approximately ft. below the present surface. Two distinct layers cypress 
stumps were found while dredging and making excavations this area for 
the bridges, the siphon, and the lock. 

The reason for the existence these two layers stumps may under- 
stood from the investigations relating subsidence the lower valley. ‘The 
rate this subsidence bears direct relation the age the deposits. Above 
New Orleans, hardly discernible, whereas below the city, especially 
the more recent deposits, miles more down the river, perceptible con- 
traction the width the tillable strips has occurred within the last 

interesting note that human skull was found below the surface 


laborers while making excavations undisturbed blue clay. The jawbone was gone and 
other bones and implements were found. 
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years. Farther down, the present delta along South Pass, the subsidence 
the banks has been extensive that endangers the channel. Thus, the 
formation the wooded areas along the Inner-Harbor Navigation Canal 
and elsewhere, deposits were built above the surface the Gulf waters. 
this new ground, dense cypress forests grew. The steady subsidence these 
fresh deposits resulted the gradual sinking the ground surface below the 
Gulf level. The forest growth was destroyed time, leaving the river again 
free spread its sediment over the area and raise the ground above Gulf 
level, thus enabling second growth begin. 
INNER HARBOR NAVIGATION CANAL 
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evident, from the manner which the ground has been built 
that marked uniformity structure exists over large areas. Likewise, 


bearing value the ground, judging the support given pile founda- 
tions, varies considerably different areas. 
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the banks and the bed the Mississippi are very sensitive changes 
the velocity the current, happens that, where wharves are built along 
the river, the current, during high-water periods, partly obstructed the 
piling and bracing, with the usual result that the water, lacking the necessary 
drops its burden sediment. 

The shoaling immediately front the wharves very marked some 
points during high-water periods. fact, such times, frequently 
necessary use dredge tug maintain sufficient depth water for 
ships. The material carried the river sandy loam, which tends 
remain under the wharf and exert pressure riverward the structure the 
water recedes. overcome this, necessary sluice the banks and 
dredge front the wharves throughout considerable lengths the river- 
front. Where the deposits are light and silty, has been found more eco- 
nomical remove them using the screw deep-draft tug, rather than 
suction dredge. 

Fig. illustrates one the worst examples shoaling the harbor. 
The river bottom silted rapidly, that less depth was available during the 
high-water period, with the water Elevation 38, than during the previous 
low-water period when was Elevation 23. This shoaling was aided 
the break continuity the wharf line just stream, the change the 
direction the harbor line, and the presence, during great part the 
time, the railroad ferry projecting about 200 ft. beyond the front line 
the Erato Street Wharf. This good the sensitiveness 
the bed the river. 

Although wharves built against the banks usually encourage the forma- 
tion deposits, experience indicates that structures placed clear the banks, 
may produce the opposite effect. 

Prior construction the wharf the coal-handling plant, scant 
25-ft. depth low water was available the wharf line. During the high- 
water period 1920, scour occurred such extent endanger the 
safety the completed structure. remedy, permeable curved fender 
deflecting system, about 400 ft. long, round piles, was constructed. 
believed that this device saved the wharf structure from being scoured away 
and swept down the river. the design structures this kind, experience 
has proved that not wise induce abrupt changes the velocity 
the current and for that reason the fender was built easy curvature. 


Within the limits the Port New Orleans, the banks the Missis- 
sippi are generally unstable. There scarcely any section occupied harbor 
developments where there has not been some indication movement, and 
certain localities these movements have been extensive. some instances, 
wharves and railroad tracks have slid into the river. 

One example will serve illustrate the result such movement. The 
Dumaine Street Dock was built during the period, 1917 1919. the 
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river front this dock more than 150 ft. deep low water, and the 
slope the bank very steep, being places much the condi- 
tions are favorable for bank movement. 
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During the low-water period 1918, while the new dock was still under 
construction, indications bank movement were observed throughout con- 
siderable part the new structure, the maximum settlement being much 
in., and the movement riverward about in. During the low water 
1919, further bank movement occurred and the wharf continued settle 
and move toward the river. the end this low-water period, the maximum 
settlement was much in. and the maximum horizontal movement 
in. There further movement during each low-water period, and 
impossible say where and when this will end. Meanwhile, shed columns 
are being blocked order preserve the superstructure, and the wharf 
being used intensively. 

The problem being studied Chief State Engineer, representing 
the Orleans Parish Levee Board, the City Engineer, the Consulting Engineer 
the Board Port Commissioners, and the speaker. Frequent observations 
settlement and horizontal movement are being made, and numerous bor- 
ings taken throughout the site for the purpose gaining information about 
sub-surface conditions. Mattresses have been placed front this wharf. 

conclusion has yet been reached what should done stop 
this bank movement. For ft. below the surface, the borings have 
shown unstable materials, and the expediency driving row interlocking 
steel sheet-piling along the rear the wharf has been considered, the penetra- 
tion being such cut off the unstable strata. However, this might cause 
head water back the sheet-pile wall and thus aggravate the situation 
rather than relieve it. 


Incline 
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Owing the unstable river banks, the engineers, responsible for the con- 
struction and maintenance the public docks have been very hesitant about 
changing from the cheaper timber wharf construction the rigid, perma- 
nent, and costlier structures steel concrete. 

The two-story transit shed the Public Cotton Warehouse, built 1915, 
was the first successful attempt permanent construction. This structure, 
however, was placed back from the deeper water, and was served front: 
timber apron wharf ft. wide. was built entirely reinforced con- 
crete resting timber piling cut off below low water. 

September, 1922, the destruction fire the wharf serving 
the Army Supply Base, left wharf site filled with creosoted piling good 
condition below the water line. was then thought advisable cap these 
piles with concrete and build wharf consisting structural steel frame 
carrying concrete slab floor. The building the site 
the Louisville and Nashville Railroad Company’s wharf the head 
Calliope Street, where there relatively stable bank, now under con- 
sideration. 

present prices, this wharf will cost about $3.25 per sq. ft., com- 
pared with $2.25 for creosoted timber wharf. The live load has been 
increased from 250 350 with total pile load tons, compared 
with tons for the timber wharves. The principal advantage structure 
this type that fire-proof. costly fires have stressed this 
feature, which was one the main reasons for its adoption. its proposed 
location, will serve not only permanent fire-proof structure, but 
effective fire-break. thought that the structure will continue service- 
able, even considerable bank movement occurs. 

typical wharf and transit shed along the river-front has piles the 
front from ft. long, and those the rear are from ft. 
Including live load 250 per sq. ft., which the limit for timber 
wharves, the piles carry total load tons. 

Inability procure piles desirable section and longer than ft. limits 
the penetration the piles about whereas many cases 

desirable have greater penetration. few instances, due 
small irregularities the bank, spliced piles, long 120 ft., have had 

line interlocking creosoted sheet-piling ft. long, driven 
ft. from the front, and ft. farther back, the front retaining wall 
built. The shed floor usually paved with concrete and finished the rear 
apron line with concrete This paved embankment, faced all sides 
with concrete walls extending least in. into the ground, meets the 
requirements the Public Health Service for “rat-proofed wharves”. 
the levee section, and conform width and elevation 
requirements the Mississippi River Commission and the Orleans 
Parish Levee Board. Previous the introduction rat-proofed construction. 
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and due the low prices timber prevailing the time, this rear con- 
struction consisted timber platform built from the mud levee section. 

two railroad tracks are provided the front apron, the front 
line the shed placed ft. from the insidé edge the wharf logs. This 
width reduced ft. where tracks are provided. Although ft. has 
been found little too narrow duriag high-water periods, resulting 
damage the shed siding, has been decided maintain compromise 
with the additional cost greater width and the operating objections 
wider space, especially during rainy 

The shed consists two monitor-type trusses, with the lower chord 
ft. above the base the columns. This height was adopted order pro- 
vide head-room for handling equipment that might put and permit 
the passage standard railroad equipment. Due stoppages and leaks 
caused decay and the impact ships, the valley gutters have given con- 
siderable trouble, and have required almost constant attention. has also 
been difficult maintain the monitor sash water-tight. 

For those reasons, skylights for lighting have been adopted place 
monitor-type trusses the newer structures. The height the lower chord 
above the floor has also been reduced ft., because handling equipment 
inside the sheds that required the higher clearance has never been used, and 
very few sheds are there any railroad tracks. 

The roadway near the center the shed. Where space was available, 
rear marginal roadway just beyond the shed service tracks was also provided. 
The stevedore interests have complained this arrangement from time 
time, claiming that the this center roadway interfered with the 
rapid loading and unloading ships and also occupied valuable cargo space 
the sheds. 

the spring 1922, plans for raising and rat-proofing the wharves extend- 
ing from Jackson Avenue Terpsichore Street were considered. Studies 
were made possible changes handling the vehicular traffic, including 
the three interests involved: The stevedores, the car unloaders, and 
the draymen. result these investigations, design was adopted 
which, instead roadway the shed, apron ft. wide was placed 
the rear the shed. 

Although might have been expected that the car unloaders would com- 
the increased width this rear roadway and the interference 
vehicular traffic which uses roadway, such objections have not been 
made, probably because the wider apron affords the car unloader more room 
for his operations, particularly handling lumber and other commodities 
considerable length. Thus, what lost account traffic interruptions 
and greater distances, more than compensated the provision more 
which handle unwieldy cargo. also true that car unloaders 
use much less expensive labor than stevedores, and, therefore, more 


important, economically, eliminate the interruption caused roadways 
through the middle the sheds. 
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also true that; retiring the roadway from within the shed the 
rear apron, considerably more space for storing cargo provided, and this 
space, also, closer proximity ships which are being loaded. course, 
necessary leave certain gangways through which trucks delivering 
cargo may enter the sheds from the apron roadway, and, therefore, the entire 
space which was formerly occupied the roadways through the sheds not 
However, the number such gangways within ‘the control the 
steamship agents occupying the various berths. 

Another advantage eliminating these through roadways from the interior 
the sheds removal from them promiscuous traffic, thereby decreas- 
ing the possibility and the likelihood pilfering, only persons having busi- 
ness within the limits particular assignment need allowed within the 
sheds. short, the steamship lines have more private, safer, and cleaner 
assignments, and greater opportunity for the more efficient assemblage 
cargo. 

Both and down the river beyond New Orleans, there are many wharves, 
generally smaller size than those the Port. The facilities the Stand- 
ard Oil Company Baton Rouge are probably more pretentious than any 
the others. Most these private developments have had difficulties from 
bank movements similar those which have given trouble New Orleans. 

The work the engineers the Board Port Commissioners, although not 
replete with the technique the profession, and not entirely responsive it, 
kind requiring keen observation and experience the solution many 
the problems. 
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THE NEED NATIONAL HYDRAULIC LABORATORY 
FOR THE SOLUTION RIVER PROBLEMS, ETC. 


INTRODUCTION 


Two the great problems the Mississippi Valley are: 
(1) Relief from floods; and 
(2) The creation navigation route which the products its 
farms and mines can transported cheaply the sea. 

The Federal Government and the States have expended hundreds 
millions dollars trying solve these problems; but still possible for 
one break levee lay waste sq. miles fertile land the sun 
shines on, with loss $25 000 000 almost over night; and navigation any 
important sense above Vicksburg, Miss., appears dead beyond present 
prospects resurrection. 

One who has seen this mighty river tearing along flood, mile wide 
and 100 ft. deep, within few inches the top the levee, may well wonder 
how the problem resisting its angry force can taken into laboratory, 
what can done laboratory about disposing the 000 000 cu. ft. 
earth per year now tumbled into its swirling waters, shifting its strangely 
crooked course, and obstructing the navigation channels with shoals and 
snags from fallen trees. 

think laboratory the place microscopes, delicate balances 
and test tubes, and far removed from giant drag-lines and dredges. 

What hope there from appropriation only $200000, suggested 
the pending bill for laboratory, when for more than twenty-five years 
appropriations terms millions have failed bring relief? 

From St. Louis, Mo., the sea, the river travels miles, and its flood 
level goes down slope 400 ft. the most crooked big river the world. 
places travels about 200 miles make 100 miles progress. its path 
were straight, all this water could carried more quickly with half this fall, 
and long way down bed-rock through delta mud, this channel 
could made straight and its banks kept from caving, the flood surface could 
lowered below the level the deepest swamps, and there could half 
dozen reproductions the Keokuk lock and power development scattered along 
its course, with channel deep enough take ocean liner St. Louis. 

The river has 1000 miles concave bends with caving banks, and history 
shows that every short cut made across the neck bend has led years 
trouble for the river engineer, tearing down more banks and depositing 
more the bars that obstruct navigation. 

After years invention and diligent trial, the only way yet found 
hold the river bank from caving mattress willow trees, concrete 
blocks, which, present costs per mile, and the rate 
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progress for the past years would require more than 200 years and more 
than complete the job using revetment mattresses pre- 
vent banks from 

The engineers employed along the river and the people living there must 
not regard from the North trespassers their preserves when are 
drawn look into these matters, for the whole country suffers from lack 
progress and helps pay the bill, and they must not forget that working with 
against these great forces Nature has fascination that draws attention 
from engineers living far outside the valley. 

The speaker believes that the future full hope; that 
reach solve these two great problems flood protection and 
navigation, but that may take another find out just how, 
and finish the job. years since the Mississippi River Commission 
was appointed, and years since Humphreys and Abbot’ began 
studies the physics and hydraulics the Mississippi. 

The kind hydraulic laboratory proposed’ should explained because, 
according the schedule compiled 1922 Engineering Foundation, there 
are now about fifty one kind ‘another the 
United States, most them technical colleges, and most them small. 
Among them all there not one the kind now proposed; not one that 
suitably designed for studying the problems erosion and sedimentation 
river banks and beds, and the means which the banks can protected 
against erosion. Europe, however, river-training have been 
operation for more than years. 

The thousand miles caving river ‘banks, ft. high, the digging 
channels 100 ft. deep, the erosion, the transportation sediment the 
rate 1000 000 000 cu. yd. per year, the building obstructions naviga- 
tion the mighty forces the river, after all, may found chiefly 
dependent little things. Among the ‘fundamental problems for 
the proposed laboratory are those the detachment particles gravel, 
sand, and even microscopic colloidal silt from their impact current 
water, the suspension and ‘transportation these particles moving 
current, and the conditions current particlés cease 
move. There also the important problem the precipitation (by the admix- 
ture salt water) the extremely minute particles silt susperision and 
the further Stokes’ and some very important 
developments molecular tension adsorption, which 
may have much with saturation, repose, and the atability 
river banks. The speaker has not found effect the under- 
current salt water the precipitation Mississippi silt. Possibly has 
much with this. has found evidence large colloidal 
material sample silt recently dredged from the Mississippi. 
and the obstruction the 

When the distinguished geological physicist, the late Karl Gilbert, 
was called assist the Débris Commission, one his first 
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works was compile all that could find laboratory research these 
matters and, finding far too little, next established small laboratory 
which valuable beginning was made; but his facilities were limited, and 
his results stopped far short what needed the very foundation for 
suecess river training. Prior his work, most the textbooks were 
quoting authority the petty experiments Dubuat, made about hundred 
years before, which lead mostly erroneous conclusions. 

After these fundamental physical laws and conditions become better under- 
stood, the work the laboratory can turned larger things. 


PROBLEMS AND PROSPECTS 


Foremost among the practical problems for the laboratory are those 
finding the most economical forms structures for protecting river beds and 
river banks from erosion, more quickly built and less expensive than the 
present standard mattress fascines concrete slabs. Studies the 
laboratory should supplement the field experiments types that heretofore 
have failed, such rip-rap, spur-dikes, gabions, “bank-heads,” permeable 
“hurdles” and abbatis “retards” and, most important all, means must 
found for permanent anchorage such structures over bed shifting sand: 

There are also problems the limiting radius curvature banks 
groynes for avoiding destructive eddies around and below their ends; and 
there are problems the best forms structure for inducing the muddy 
current fill area the deposit silt. 

There also great need making further trials models the labora- 
tory, relatively small expense, variants such structures were partly 
developed experiment the field full-size specimens. The United States 
Government years ago expended millions dollars and years time field 
experiments permeable dikes and structures for narrowing the Mississippi 
and Missouri Rivers uniform channel width, that they should scour suit- 
able depths for navigation over the sand-bars, but found these field experiments 
costly that apparently Congress and the Commissions have become discour- 
aged and appear have abandoned the attempts narrowing the wide places, 
where the sand-bars form, and for years past have expended most their 
appropriations the revetment caving banks. More than was 
experimental work forms permeable dikes, for guiding cur- 
rents the Plum Point Reach the Mississippi 1882 1885, most 
which, structures, were dismal failures; although extremely valuable data 
were obtained and proof was found that the river would quickly build 
bank nearly highest flood level only durable form spur dike 
“retard” could devised. This money was far from being all wasted one 
puts proper value the information obtained. 

Millions dollars also have been spent the Missouri River with 
encouraging results depth produced, but apparently without yet finding 
form spur dike that will not soon sunk have 
its head ripped off ice floating snags. 
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There seem have been many encouraging results these field experi- the 
ments the Army engineers. Some these are noted Van Ornum,* St. 
Am. Soc. E., particularly those Horsetail Bar, below St. Louis, the 
formerly one the worst places the river, and seems pity not shor 
continue with the laboratory help point the way economy and final exis 
success. the 

week’s work with model, which changes shape and position can Tow: 
readily made, total cost few hundred dollars, may tell more than 
months’ time and $10 000 spent experimental dike groyne the field. Mo. 
Coefficients the relation between model and full-size original will soon 
established, and, after the variants have been tested the model, one 
ahead with great confidence the field. 

The experiments Froude, towing ship models the long laboratory 
tank, were the very foundation progress the design naval and 
merchant vessels, and entirely within reason that similar improvements 
the art training rivers maintain navigable channels without frequent ex- for 
pensive dredging, and making them carry their floods the sea more safely 

ago, 
and quickly, may come from the proposed laboratory. 

After reading studiously what can found print about all this experi- 

spill 

mental work, with permeable barriers and spurs, the Army engineers 
Plum Point, miles above Memphis, Tenn., and the successful work the 
Missouri near Jefferson City, Mo., and after observations many places, the 
speaker not convinced that the improvement contemplated the late 
James Eads, Am. Soc. E., and his associates, the early days the 

Mississippi River Commission, narrowing the wide parts the river that 
will dig and maintain its own channel minimum depth 
impossible beyond economic reach. the contrary, very hopeful that, 
proceeding step step, with the aid the laboratory point the way new 
devices the field, and developing methods and structures gradually, first 
the smaller rivers, Platte, Missouri, Sacramento, and Colorado, progress, 
within another years less, can possibly attain relatively small cost 
the much desired 14-ft. channel from St. Louis the sea, which the Commis- 
sion 1908 estimated cost $128 600 000 the low unit prices those days, 
with upkeep cost per year. 

also within reasonable, but very distant, hope that ways may found, 
within economic limits, for compelling the Mississippi dig its bed much 
deeper that the flood-plain from St. Louis Cairo Vicksburg may and 
lowered below the level the bottom-land, and levees longer needed. 

The speaker convinced that these two final objectives, the navigable river 
and the lowered flood-plain, are far from being irridescent dreams pots rang 
gold the end rainbow. basi: 

showing the wide margin, far beyond the actual needs for this channel 
depth and fall river slope, may recalled that to-day the average low- 
water depth between St. Louis and Vicksburg about ft. extreme low diffe 
water; that the shallows occupy hardly one-twentieth part the distance that 
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the length river with all its present bends and meanders—868 miles from 
St. Louis Natchez, Miss., about 515 miles straight line—and that 
the lessened friction straight course added the saving fall the 
shortened distance, would save nearly one-half the drop 379 ft. that now 
exists between St. Louis and New Orleans, La., which half about six times 
the drop the great water-power development and navigation lock Keokuk, 
and that the only place yet found where bed-rock not far below the 
present bed sand mud, relatively short stretch near Commerce, 
Mo.; where one might picture second Keokuk development. 

Surely here ground for hope that our grand-children can utilize part 
these opportunities shortened and deepened course for gaining the 
increased navigation and the relief from flood. 


Data NEEDED 


Apart from river-training problems, engineers need more accurate formulas 
for computing the discharge over dams, for which the chief dependence 
now placed the Francis experiments Lowell, Mass., made years 
ago, which the maximum depth was only little more than ft. Also, 
there important lack data the discharge drowned weirs, siphon 
spillways, the possibilities flumes” and great need experi- 
mental development models baffle-piers and water cushions for absorbing 
the destructive energy the foot dam, that sometimes undermines foun- 
dations, those which failed Austin, Tex., and Austin, Pa. There 
also need tests and new devices for increasing the precision measurement 
flow water irrigation and power canal, particularly where there are 
spiral diagonal currents. 

hundred such matters, the few pieces apparatus proposed com- 
plete this laboratory could serve the progress engineering, just the great 
testing machines and other pieces apparatus the Bureau Stand- 
ards the Bureau Highways, serve the public good other impor- 
tant matters. 

Some illustrations are presented order show more definitely the kind 
laboratory proposed. 


Fig. shows the river flume one side the building and the weir flume 
the other. Both are fed from the same pumps, forebay, and supply basin, 
and both discharge into the same measuring basin. Both flumes utilize the 
same return channels and Venturi meters, shown Fig. 18. 

The discharge can measured with extreme precision throughout wide 
range. These precise measurements are made large rectangular 
basin, thus obtaining them directly terms the cubic foot and the second, 
without recourse any intermediate measuring device. 

Nevertheless, Venturi meters, with various sizes throat adapted 
different rates discharge (commonly used only one time), are pro- 
vided for hastening the completion all ordinary experiments, thus requiring 
fewer men the observing staff providing continuous measurement, 
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final 
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using clock-gauge, without recourse the swinging gate and the measuring 
basin. The measuring basin, course, serves give particularly precise 
rating for each these Venturi meters. 


Open Top of 


QUANTITIES 
NOTE THAT HORIZONTAL REINFORCEMENT 
FOR PREVENTING TEMPERATURE AND 
SHRINKAGE CRACKS SHOULD VERTICAL 

17. 


One the main elements for producing this precise measurement the 
basin swinging gate, with sharp edge, and electrical contacts, which 
the diversion into out the basin, can effected and recorded with 
precision sec. The details this gate are not shown the illustra- 
tions but their position indicated the lower right corner Fig. 19. 
Obviously, while large quantities, from 100 600 sec. ft. are being cir- 
culated, there must supply compensate for the water diverted into the 
measuring basin. This provided the elevated supply basin, which has 
quick-working balanced cylinder gates interlocked electrically with the swing- 
ing gate the measuring basin. Care has been arrange the conduits 
leading from the supply basin into the general reservoir beneath the floor, the 
“General Return Basin” Fig. 18, minimize violent 
waves, and permit the energy exhaust itself mainly rotating the mass 
water. 

matter which the speaker has found give great difficulty precise 
hydraulic experimentation that avoiding pulsations and securing almost 
absolute uniformity the velocity water the experimental conduit. 
The best means found for securing this providing slight surplus 
the diseharge the circulating pumps and allowing this surplus spill 
with depth hardly more than in., over widely extended weir crest. 
This shown outline Fig. and the several sections Figs. 
and 20. This also substantially the method used Professor Engel. 
total length weir crest for this precise control more than 400 ft. 

The large centrifugal pumps for circulating the maximum quantities may 
relatively cheap and simple type, which high efficiency and extreme 
durability are sacrified favor low first cost, because these larger 
seldom will used more than few hours the course year. 

The discharge will rarely exceed cu. ft. per sec., which equivalent 
model river channel sq. ft. cross-section and ft. per sec. mean 
velocity. This, for 10-ft. lift, requires 57.6 theoretic h.p. and motor 
about 100 p., kw. For the brief series experiments for deter- 
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mining coefficients discharge for new forms dam crest measurement 
weir, ft. length with ft. depth the crest, or, say, 600 cu. ft. per 
sec. water circulated, this under 12-ft. lift the pump computed 
817 theoretic p., which, with pump efficiency 70%, would require 
1167 This could drawn night when other regular demands 
were small. few days experiment this great depth for any these 
new models dam crest, weir, would give all the new data 
needed. 

The river flume should built structural steel channels and plates 
about in. thick; its down-stream end should contain sand-catching box, 
which also could used tide-water inlet experiments certain types 
estuaries. 

The inclination this river flume can made steep 3%, thus giving 
drop ft. within its 250 ft. effective length. Such great declivity 
this not needed for river experiments, but will useful variety 
other determinations, for example, extension the Darcy and Bazin 
experiments, and for improving the Kutter formula. 

With smooth walls, this high inclination the flume give mean 
velocities from ft. per sec. Obviously, the flume can narrowed 
partitions, drain tiles, other conduits can erected temporarily its 
floor, and range experiments the flow through them can run quickly 
with these partly filled, over great slopes. 

Changes inclination would effected very easily and very few 
moments cast-iron supporting screws similar quality mechanism 
cheap jack-screws used building.construction. These screws would not 
rotate, but their nuts would work worm wheels driven shaft common 
the whole line support, actuated small motor. The different 
elevations the different supporting points corresponding the slope would 
obtained differences either pitch gear ratio. 

The bed this tilting tank ft. broad, with possibilities for adding 
bay, ft. wide, within which larger river bend harbor entrance 
can model river under experiment rarely would exceed ft. 
width and ft. depth, and this greater width ft. between the 
normal walls the tank permits giving the model river any desired sinuous 
course, and the bay permits modeling big bend, comparable those the 
Mississippi. 

The entire pump capacity 600 sec-ft. can turned into this tilting tank 
into the weir flume for special experiments. 

Typical Channel Experiment.—On the floor this tank, sand could 
placed over hollow box forms (put save weight) and shaped represent 
any desired form river bed, and top this can placed 
few inches deep, composed sand any desired fineness. Professor Engel 
commonly finishes his river bed with thin veneer plaster Paris, over 
which spreads layer the sand which desired experiment. 

The depth water the model river could increased diminished 
quickly the outlet gate the pump. the close experiment the 
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water can drawn out quickly and photographic record made the condi- 
tion which sand-bars and erosion have reformed the river bed. 

the top Fig. special small-sized return channel provided for 
water, when making experiments carrying large percentages sand, 
avoid the necessity providing excessive volume. This water, 
laden with any desired percentage sand, can kept running steadily any 
number hours while the erosion bank bed and the building 
sand waves crossing-bars reversals curvature are studied. 

For experiments various forms permeable dike solid groyne, 
methods are obvious and need extensive description. 

Optical Studies Vortex certain experiments, clear water 
can circulated, into which dark-colored sand grains various sizes are 
sifted and allowed flow over contrasting bed plaster Paris, and 
special illumination optical plane, similar that used with the ultra- 
microscope can used connection with high-speed motion-picture 
study the intricate laws vortex motion and the formation such 
swirls and vortices are often observed the surface and appear come 
from some obstruction the bottom. 

Straight Versus Curved Channels.—A special study the advantages and 
disadvantages gently curving channels versus straight channels, for naviga- 
tion and for flood relief, can made observing the bars built one 
case and the sand waves the other. straightened river would require 
better means holding securely position than are now known. Although 
the forms revetment willow mattress and concrete block now built 
the Army engineers are admirably efficient, they are hopelessly expensive for 
protecting the whole length both banks great river, and this has 
numerous inventions, many which have failed. 

Means bank protection rows concrete piles, deeply jetted below the 
river bed, could developed and studied, also variants the Stickney bank- 
head, developed about years ago the Missouri River, with various curva- 
tures, also variants the Brownlow Weed protection developed India. 

Spur-Dikes—The comparative merits various shapes for the ends 
spur-dikes and their inclination the bank could tested, and perhaps 
much learned about them six days the laboratory six months’ 
experimentation the actual river and one-twentieth the cost. Pro- 
fessor Engel’s experiments the shape and inclination groynes appear 
have demonstrated successfully the utility the laboratory test. Fig. shows 
few samples his photographic records. 

Small Large Models certain quick changes river bed, etc., 
experiments, whenever desired, could run model bed smaller scale, 
the same dimensions those used the German laboratory. con- 
trast the German laboratory, and order give example the capacity 
the laboratory now proposed, consider what could done model 
the Lower Mississippi, and let the experiment run with quantities repre- 
the highest flood, instead representing low-water conditions and 
improvement navigation, such most the experiments carried the 
German and other foreign laboratories. 
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Small Scale Experiment.—For extreme example, let there modeled 
the river flume winding stream with soft sandy bed form representing 
accurately scale some part the Lower Mississippi, with horizontal dimen- 
sion, all the proportion ft. the model 1000 ft. the river. The 
vertical can either the same can increased and made the pro- 
portion ft. depth the model 100 ft. the river. Probably this dis- 
tortion would not disturb seriously the results certain experiments. would 
analogous experimenting the discharge over section dam crest 
only ft. long where the entire structure had crest ft. long. check test 
could run subsequently natural 

The 250-ft. length experimental tank would then represent 250000 ft., 
nearly miles along the valley straight line, and ft. width would 
accommodate river bend with ordinate nearly miles, and the broad 
tank could take bend nearly miles ordinate. 

Corresponding 100-ft. flood depth the Mississippi there would 
1-ft. depth flowing the tank, and instead main river channel 000 ft. 
ft. wide the model channel would ft. wide. Seldom would 
the difference size between the original and the model great; the 
largest scale practicable should used. many problems, scale 
would best. 

The wide range dimensions over which many hydraulic formulas apply 
truly remarkable, only one starts above the range where the molecular forces 
surface tension, capillarity, and viscosity play important parts. The same 
law controls discharge orifice Venturi meter 0.1 in. and 100 in. 
diameter. 

Studies Which the Proposed Laboratory Could Used.—Forty studies 
are suggested for which the river flume would useful, following which are 
listed some for which the weir flume could used. 


further investigation Thompson’s theory scour river bends 
due spiral flow. 

2.—An investigation the path material scoured out from the concave 
shore bend, whether moved across the river, down-stream sand-bar. 

inclination the banks and the best shape for the ends spur- 
dikes straight river channel for producing minimum scour the end 
the spur and the best shape for preventing undermining submerged spur 
scour. 

merits permeable and impermeable spur-dikes various 
forms. 

5.—Best form for sub-surface dike reaching from the bed slightly 
above low-water but submerged high water, and thence extended the 
bank thicket willows other trees. 

shape and construction cross-section spur-dikes 
faced with rip-rap for minimum cost. 

7.—Necessary distance between spur-dikes relation width river for 
maintaining straight alignment and protecting the shore between spurs. 
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8.—Formation and travel sand waves straight and curving rivers, 
and their relation navigable low-water channel. 
the effect the coarseness grain, between fine ‘sand 

and coarse gravel, its relation the upbuilding cross-over bars 
curved rivers. 

10.—Study the action the Haupt reaction jetty and its limiting 
curvature. 

economy bridging river the construction “Bell- 
Bunds” similar those developed India, with study minimum distance 
between abutments and proper curvature alignment. 

obstruction and back-water caused bridge piers 
and tendency undermine them swift current. 

13.—Form bridge pier base and abutment for producing minimum scour 
the bed, combined with maximum 

studies training river like the Missouri Platte, 
erodible banks and the most economical way for flood relief, 
causing dig itself deeper, minimize the need levees, and 
carry its sediment forward the sea with minimum deposition route. 

15.—Best form harbor minimize obstruction entrance 
littoral currents carrying sand. 

maximum velocities consistent with stability for 
various sizes sand grain and various degrees adhesion. 

larger débris rivers, and extensions the Gilbert 
California experiments broader conditions, pieces débris, and high 

velocities. 

18.—Investigation the truth law relating the 
sand and silt suspension. 

law back-water effect from dams and obstructions 
straight curving channels. 

20.—Investigation fluid-filament theory parallel flow, versus. yortex 
motion near sides, various velocities. 

21.—Distribution velocity for various degrees roughness 
bed stream flume. 

vortex motions and boils, caused obstructions bottom 


The following experiments, which could made the river flume, relate 


flow artificial channels, such canals, flumes, sewers, culverts, and 


partly filled: 
extension the Bazin experiments, years ago, 
shapes channel and greater velocities flow, and with various 
definite forms roughness surface. 
twisting spiral currents loss head. 
head with water carrying nearly maximum load 
with clear water. 
test the Eads theory the maximum weight 
various sizes sand grain which can transported given 
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(The probabilities are that nowhere the Mississippi even 
the Missouri the water saturated with sediment, and that much higher per- 
centages sediment could carried regular channel, could dug 
from the bottom the velocity and kept moving straightened river.) 

27.—Determine the relative proportions sediment that can carried 
suspension various high velocities, when walls conduit are relatively 
smooth and when roughened, when the water thrown into eddies spur- 
dikes. 

28.—Determine more precisely the relations roughness laws flow. 
(This can done readily with the tilting trough, for wide range velocities, 
changing the depth, the speed the pump, control its dis- 
charge valve.) 

29.—Develop formulas discharge for sewers conduits filled various 
depths. 
30.—Effect velocity loss head caused roughening various 
proportions the wetted perimeter. 
loss sudden enlargements. 
study tidal rivers which the action the rising tide the 
river flow simulated water introduced down-stream end flume. 
33.—Test the effect wave transmission for various depths and forms 
channel, and effect pulsations flow sand waves and sand-bar 
formation. 
the law flow for the “bore,” “cloud-burst” type flood 
wave, various inclinations bed. 
35.—Repeat the Francis “white-wash experiment,” under various condi- 
tions, for determining course threads current. 
36.—Study straight versus curved river channel for Missouri River 
conditions. 
curved versus channel for deeper river, for 
bends the Lower Mississippi. 
38.—A model the mouth the Mississippi horizontal scale about 
100 might prove very instructive finding the most efficient means 
making the South Pass available for deep-draft steamers with minimum 
dredging. 
39.—Possibly also some extremely useful information could 
experiments the model the proposed spillway from the Mississippi 
Lake Borgne, the results that would achieved flood relief and sub- 
sequent silting absence silt the river mouth. 
The City Engineer New Orleans has presented tentative design for 
extremely broad spillway.* The speaker inclined believe that 
narrow but deep spillway, only one-fifth the width the other 
design, would cost less and give better service. Models could serve point 
the way the best possible design before spending the suggested 000 000 
000 000. 


— 


See Fig. 1165. 
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40.—Along the Colorado River below Yuma, Ariz., view the present 
and potential values risk the Imperial Valley California, some new 
form groyne, and proper spacing for with willow plantings between the 
groynes, could worked out advantageously experiment the 
laboratory, combined with experiments the river. 


For the weir flume, the following studies are suggested: 


the Francis weir formula new experiments greater depths 
ft. with crest ft. long, greater depths with shortened crest. 

great variety the effect swirls and irregularities flow 

the current approaching standard weir, accuracy measurement. 
the coefficient discharge for various forms round- 

crest weir and, incidentally, experiment develop new standard form 
weir less subject error from disturbance approaching currents and con- 
traction, than the present standard sharp-crest weir. 

form crest for maximum discharge over dam. 

effect submergence and back-water weirs various depths 
and proportions back-water, depth ft. below the crest. More 
extended experiments this are greatly needed. 

46.—Test thoroughly the new Herschel type weir and its scheme depth 
measurement. 

the coefficients for discharge over models many dam 


crests actually use and utilized America for metering the flow 
rivers. 


48—Check and extend the deep-waterway experiments made 
some years ago Cornell University. 

coefficients for various types sluiceway, some which 
are utilized gauging the discharge Hydrographie Department the 
Geological Survey. 

Experiment ordinary canal head-gate sluices different forms, for 
determining the coefficient discharge for various heights. 

the effect twisting and disturbed flow channels the 
accuracy measurement current meters various types. There great 
need additional data this. Some types current meter are much more 
than others disturbed currents. 

most accurate type current meter for the disturbed currents 

found over cobblestone bed, other rough bottom. 

and test portable Pitot tube velocity meter and study the 
that may caused waves and twists current. 

study the hydraulic jump, standing-wave, phenomena. 

55—A study “fall increaser,” for use economizing water power. 
subject high back-water. 

56.—Study various types energy absorber for the foot overfall dams, 
danger scour soft river beds. 

best type for foot ogee overfall. 

58.—Develop open top Venturi type for the head-gates 

canals and other waterways. 


1202 NEED NATIONAL HYDRAULIC LABORATORY Papers. 


59.—Develop the best form bellmouth for tunnels used the by- 
pass the dams under construction. 

60.—Determine the most efficient angle divergence for Venturi tube, 
with smooth current approach, and with disturbed and twisting currents 
approach, the draft-tube water-wheel. possible that these 
studies would aid the economics power development. 

the limiting conditions for precision measurement with 
Venturi meters various types, with disturbed approach currents. 

centrifugal pump discharge for wide range 
velocities and with throttled inlet outlet. 

the overturning effect currents various high velocities 
bridge piers and similar structures various shapes. 

64.—Test the limitations the siphon spillway with greater depth 
throat, ft. height; try get nearer 100% efficiency dis- 
charge; develop better forms for quick exhaust air; and generally improve 
and standardize the design. 

65.—The weir flume would useful naval test tank, for certain condi- 
tions currents, holding the model still while the current flows swiftly 
past. would particularly instructive, for cases which high velocity 
runs the ordinary naval tank would too brief. 


Scanty difficult explain why the United States, with all 
its progress experimental engineering and its widespread application 
laboratory methods, has lagged behind European practice the use the 
laboratory adjunct river training, except the fact that the United 
States nearly all the river training and harbor improvement work has been 
the hands the Army Engineers; and seems have been traditional 
that Corps experiment the full-sized specimen the field, which 
good way not too expensive. 

address Army Engineers and River the Secretary 
War (the Hon. Dickinson) said: “Their powers and duties are fixed 
Congress. They are prohibited Congress from making original 
tions recommending projects.” This sounds broader than the fact, and 
thought that the Secretary did not mean say that original physical and 
hydraulic investigations are forbidden. Still, one gets impression that the 
Corps has contributed fewer papers river science the this 
Society, and has published fewer scientific memoirs river harbor 
science the past years than were published the members 
sponding abroad. one familiar with the personnel this famous 
Corps doubts that the ability there. The Humphreys and Abbot report 
the physics and hydraulics the Mississippi was far better work than any 
its kind ever published previously anywhere the world, and 
examples what they can give the Profession are found the many 
admirable Professional Memoirs and Occasional Papers published mainly fot 
the information members the Corps, and thus circulated less widely than 
their merit deserves. There must some obstacle the system under which 


Professional Memoirs, 1910, 75. 
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they are constrained work, some lack encouragement individual 
initiative for scientific research publication, the young officer, and 
overloading the older ones with the routines disbursements, auditing, 
and the difficulties involved frequent change station. 

All engineers wish that some the younger officers might directed 
prepare new book the physics, hydraulics, and structures the Mississippi 
and Missouri, and have finished 1925. 

Many business men the Valley and many engineers outside the Corps 
Engineers are deeply interested these great problems, the solving which 


means much general prosperity, and all would like see the Army 
Engineers address wider audience. 


LABORATORIES 


interest examine the work European laboratories which 
important contributions the improvement harbors and estuaries 
England and France were made many years ago such famous engineers 
Osborne Reynolds, Vernon-Harcourt, Fargue, and others. 

was laboratory experiment, forty-five years ago, that Professor 
Thompson, Glasgow, discovered certain the most important facts 
the progress bank erosion the action spiral currents.* matters 
this kind, because the depth swirling turbid water the river flood, 
almost. impossible find clue, except under the controlled conditions and 
smaller volume the laboratory; but the clue, once gained, can proved 
the field. This important principle spiral currents river bends dealt 
with only lightly American textbooks, and most them not mention it. 

Many years ago the English engineer, Hearson, noting the remarkable 
developments from Froude’s experiments the resistance the propulsion 
ships laboratory models, was one the first propose laboratory models 
for studies control river and harbor currents, and deduced mathe- 
matical laws for the proper relation dimensions and forces. 

Professor Osborne Reynolds, Manchester, England, one the most dis- 
tinguished English scientists, proposed the use for studying the 
movement, depths, and regulation currents tidal basins, and discussed the 
mathematical relations the small-scale model the larger problem. 
Vernon-Harcourt, many years ago, used model his study the estuary 
the Seine, and Eger, Dix, and Seyfert reported their experiments Berlin 
the River Weser.t 

Germany, for many years, three river-training laboratories have been 
Maintained connection with engineering schools and for the use the 
Government engineers. The most noteworthy Dresden, presided over 
Professor Hubert Engels, from which many important practical studies have 
been reported, and the benefits which hydraulic science and art shown 
Professor Engel’s book, entitled, “Wasserbau.” 

Proceedings, Royal Soc. 1876, 356. 


Proceedings, British Assoc. for the Advancement Science, 1887, 555. 
Zeitschrift fiir Vol. (1906), 232. 
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Italy, where the art and the science river control had their birth, and 
where many serious problems are caused torrents and rivers flowing 
through delta plains, bearing large quantities sediment, was considering two 
hydraulic laboratories prior the World War, and very recently has resumed 
the movement for their establishment. experienced engineer, Sig. Ettore 
Scimemi was sent tour inspection and research sundry hydraulic 
laboratories foreign countries, and the results his investigations were 
published 1922 the Royal Hydrographic This volume contains 
outline drawings the research laboratories Dresden, Berlin, Karlsruhe 
(see Fig. 26), and Vienna, and the smaller laboratories maintained con- 
nection with the technical schools Grenoble, Toulouse, and Monaco. 
also illustrates the laboratory alongside the canal Bourgogne, made famous 
the experiments Darcy, and the experimental canal Fargue, Fig. 22, 
which, connection with observations the river, devised his rules for 
regulation river courses curves, many years ago, before the con- 
veniences the modern river-training laboratory had been developed. 


GENERAL PLAN 
22. 


Among valuable features Sig. Scimemi’s report are two admirable 
bibliographies, one containing titles hydraulic laboratories, and the other, 
titles the use models hydraulic research. That models begins 
with reference the Proceedings the Italian Society 
Modena, telling how Bonati 1804 small wooden flume reproduced 
phenomena observed the Canal Bianco during the 1767, and thereby 
obtained data the formation eddies rivers with shifting bed. 
Evidence the thoroughness with which Sig. Scimemi made his list 
found the fact that concludes with reference the experiments 
models the Gilboa 

now proposed consolidate once the activities two important 
Italian institutions devoted hydraulic experiment, those Stra and 
Santhia, single new hydro-technical institute which contain the new 
Italian National Hydraulic Laboratory. 

While urging the construction this laboratory for the information 
Italian engineers, Sig. Scimemi notes that Professor Myere-Peter, Zurich, 
recently been urging the Swiss Government the need that country 


Instituti Sperimentali Idraulica all’ Estero.” 
Proceedings, Soc. E., September, 1922, 1503. 
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for similar laboratory, and recent Dutch engineering journal quotes 
length the results from Professor Engel’s laboratory, Dresden, giving 
photographic views, and urging National Hydraulic Laboratory for Holland. 

Vienna Hydraulic hydrographic service begun Austria 
1894 gave strong impulse hydraulic investigation, and the Government’s 
central hydrographic office, concluding that was necessary study the 
motion water rivers using models, worked out project for this 

Among the interesting special apparatus this laboratory one for 
photographic record the crossing profiles and for measurement the 
water levels. This consists brief special projection lantern travel- 
ing light railway over the flume, which strong thin sheet light 
projected vertical plane which intersects the model channel and 
develops strong, thin, luminous line the bed, defining the section. 
front this optical section camera arranged with line vision right 
angles the luminous plane such way that the profile the fluvial 
section presented the sensitive plate with dimensions strictly proportional 
the section the model. 

The general outline shown Fig. 23. 


YL 


VERTICAL SECTION 


River Canal Long 
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HYDRAULIC LABORATORY —— VIENNA, AUSTRIA 


Fic. 23. 


Berlin Hydraulic laboratory the Experimental Insti- 
tute Hydraulic and Naval Construction Berlin dates back 1906, 
but recent years has been devoted solely studies the motion and resist- 
ance ships and experiments screw propulsion, and thus way its 
work has become overshadowed that the river-training laboratories 
Dresden and Karlsruhe. 
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Van Ornum, Am. Soc. E., Washington University, who 
gained much his early engineering experience Assistant Engi- 
neer Mississippi improvements, quotes extensively* from the experiments 

models These experiments models were for guiding improve- 
ments the Rivers Weser, Vistula, ete. Professor Van Ornum quotes par- 
ticularly from those the Weser, and the preliminary investigation 
whether not the model would represent truly the conditions the river. 

After some preliminary experimenting, with the model scale 
100, was found best use the model sand grain about one-eighth the 
average diameter the gravel the river, instead the ratio 4.6) 
which would give precisely the cubical content that the river. 

There was recourse both theory and trial finding the proper relations 
discharge and surface slope the model those the Weser, which 
varies greatly depth from low water high. Finally, relative discharge 
40000 was selected, whereas the area ratio obviously 
and the slope finally adopted was 0.021 where that the river was 0.00014, 
times great, although, first, theory required much more. 

The criterion was adopt such slope, discharge, and sand grain ratios 
were found reproduce parallel best the actual work performed 
structures the river, rather than set ratios derived from imperfect 
mathematical theory. linear velocity current thus adopted was 
one-fourth that the river, and thus the distances traveled sand grain 
this model its scale were relatively times great the distance 
traveled the 

was found that 24-hour run with the model produced substantially 
the same effect, scour, deposit, and re-arranging the form the bed 
shifting sand, was produced the river year the introduction 
similar structures, such groynes. 

The feature special interest that one can thus speed the experi- 
-ment and get quick indications how the sediments around any new 
structure will behave. 

fit American conditions with sand grains averaging in. diame- 
ter instead gravel in. diameter, different ratios would obviously have 

some places the banks the artificial river were built modified 
with little cloth-covered sacks containing shot. Other surfaces were made 
simulate the roughness the actual river bed sand stuck thin sheet- 
metal, thus presenting surface like sandpaper. 

noted that this work Berlin was begun only about years 
and was soon interrupted the use the laboratory naval tank. 

Professor Van Ornum’s review shows that although all the details 
ratios velocity, size grain, and slope had not yet been fully determined, 
was demonstrated that experiments with models groynes the 
tory foreshadowed general way what happened the bed the river. 


originally Zeitschrift fiir Bauwesen, 1906, pp. and 
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pers. 
There seems doubt that the process can developed foreshadow 

results with admirable precision and great economy. 

Dresden Hydraulic present laboratory, built connec- 
tion with the new technical school Dresden, Germany, 1913, substanti- 

ally large and improved copy the laboratory built ten years earlier one 
the buildings the old technical school. this laboratory, experiments 
helping solve some the practical problems the principal rivers Ger- 
many had been made, also studies for lessening silt obstructions the entrance 
the harbors Ymuiden, Holland, and various river harbors Germany. 
Certain problems the Danube have also been worked out this laboratory, 
and great variety fundamental work has been done the formation 
and erosion sand-bars and the proper shape for spur-dikes, groynes, harbor 
entrances, the form sea-walls, ete. The general arrangement the labora- 
tory shown Figs. and 25. 

The speaker visited this laboratory about years ago, after had 
14, inspected its smaller predecessor, and was greatly impressed with its possi- 

bilities usefulness. Form time time its Director, Professor Hubert 

Engels has favored the speaker with publications about its work, and doubt- 
less much the excellence his treatise river hydraulics presented 
part his monumental book* water structures result his having 
such admirable apparatus hand. The speaker’s principal criticism 
that its general dimensions are too small, they were limited the size 
the basement the college building which placed. 

designing the laboratory for America, the speaker has followed much 
Professor Engels’ general design, simply because could think nothing 
bed better; but has increased its dimensions three-fold. comparison 
tion and costs lies somewhere between the square and the cube, the 

costs are correspondingly increased. The writer hopes that dozen labora- 
tories like Engels’ will built our leading technical schools, but for satis- 
new factory work great American river problems something much larger 
needed. 
here worthy note that Professor Engels prefers make many 
have his experiments scour and deposition sediment with depths the 
model about in., that will not prevented the turbid water 
from watching the sand grains their course. 
The latest photographs the Engels’ river flume show rigid support 
instead the tilting arrangement for varying the hydraulic gradient. 
Although the rigid bed might serve for ordinary river experiments, the tilting 
bed serves much better for great variety other experiments, such 
flow partly filled conduits various gradients, and line experiments 
covering wide range for deriving formula much better than that 
Kutter, that the tilting form should adopted for the proposed laboratory. 
the University Stockholm, Sweden, there appears excellent 
hydraulic laboratory adapted for river training problems and many others, 


according three pamphlets the Swedish language recently received 
“Handbuch des Leipzig, 1921. 
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from Professor Fellenuis. Some excellent researches appear 
have been made here upon the erosion shores waves and protective 
works. 

Laboratories Recommended Navigation Congress—At the Interna- 
tional Navigation Congress 1912, among other things, was 

“That laboratories intended for the study, small scale 
models, life rivers become more and more extended use, and that 
they supplied with the means necessary experiment with the various 


processes for improving the navigability rivers and, far possible, 
connection with the studies and works carried out the rivers themselves.” 


first, one feels misgivings about the small dimensions used Professor 
Engels his model the flowing stream giving correct relations for the real 
river, which may hundred perhaps thousand times the linear dimen- 
sions the model. Still, ordinary formulas for canals, pipes, weirs, and 
orifices, are substantially correct through similarly wide range, and Pro- 
fessor Engels and many others state that the correspondence behavior 
between model and original has been proved satisfactorily many cases. 

testing few samples groynes, training walls, eddying rivers, erod- 
ing banks, and sedimentation bays, both model and original, one could 
soon establish correction cofficients for the formulas relation, even for such 
wide disparity that presented the Missouri and Mississippi and the 
model channel the proposed laboratory. 


order show that the present proposal for American National 
Hydraulic Laboratory sudden fancy, but long matured plan, may 
useful trace its development. Perhaps may worth while also 
state that the speaker’s special interest this matter purely for the public 
good. 

his Presidential address* the speaker sketched the development 
hydraulie science and ended with statements the effect that, distinguished 
from the art, appeared have been mostly asleep during the past years; 
and that engineers had neglected the study means which sediment- 
bearing rivers flowing through broad and deep alluvial deposits might 
trained dig for themselves deeper channels, which, between permanent 
banks, they could their floods and their load sediment peacefully the 
sea. The speaker concluded urging the construction National Hydrau- 
lie Laboratory, and told little about the useful practical information that 
might gained thereby. 

that the speaker had time and space for details, and 
the present paper will somewhat farther showing the practical applica- 
tion such laboratory present problems, repeating only enough what 
presented previously make the story readily understood. 

The speaker’s work hydraulic laboratory began alongside the Merri- 

mae River, more than years ago, experiments the flow water 
and over weirs and with instruments for measuring the velocity 


Transactions, Am. Soc. E., Vol. LXXXV (1922), 1601. 
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flowing water; and his interest such matters during the years between 
has had various periods wakefulness and slumber. About four years ago, 
China, during studies the Yellow River, the speaker became deeply 
interested the way that this river, perhaps the muddiest great river the 
world, digs its bed deeper* during flood, and refills this deepened channel 
gradually the flood subsides, and was greatly impressed the possi- 
bility making use these forces scour and deposition training 
river flow along prescribed narrow course, dig its bed deeply, and carry 
its burden suspension. occurred him that learning 
control these great forces Nature could greatly lower the cost flood 
relief for the oft-devasted Valley. Huai. even ventured mark out 
new flood relief channel straight line course, and suggest that perhaps 
Nature could coaxed large part the digging.* 

From time time the speaker’s work has brought him contact with 
river problems various parts the United States, Canada, and Mexico, 
has regretted profoundly that there was not one laboratory the American 
continent, comparable those abroad, for studying some these intensely 
practical matters which cannot investigated properly the field alone. 

About three years ago, little gathering engineers San Francisco, 
Calif., soon after. the late Professor Gilbert had published his researches 
the transportation river débris, the the attention those 
present, the good that could come out larger hydraulic laboratory their 
university helping solve some their pressing local problems, such, for 
example, flood relief.along the Sacramento and its tributaries, and the 
regulation the torrents that from time time tear down along some 
their delta cones, the San Gabriel Wash, near Los Angeles. 

Some months later, China, public address before sundry Govern- 
ment officials interested conservation, the speaker stated that if, 
tion with solving some their great flood problems, they could build suitable 
hydraulic laboratory, its wise administration might pay dividends its cost 
the rate 1000% per year. 

year ago, while addressing the Washington Society Engineers 
the flood problems China and the Yellow River, pleaded the 
cause National Hydraulic Laboratory impress Secre- 
tary Wallace, the Federation, with the value of.the idea, which promptly 
transmitted Senator Ransdell Louisiana, who thereupon introduced into 
Congress Joint Resolution Establish National Hydraulic Laboratory,t 
and appropriate for that purpose. was proposed establish 
the District Columbia, connection with such Bureau the Presi- 
dent the United States might designate for the conduct research, 
ment, and studies connection with the problems river 
lies and flood control. 

public hearing Washington September 1922, before Sub- 
Committee the Senate Committee Commerce, the speaker pre- 


See “Flood Problems Transactions, Am. Soc. E., Vol. LXXXV 
1405. 


Res. 2-9, 67th Congress, Session 
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sented, request, his reasons for believing that such laboratory would lead 
great economies and other important benefits matters relief, 
reclamation, and navigation, and submitted series drawings illustrate 
his the which such laboratory should built. 

Observations Great April, 1922, the speaker was the 
office the Assistant Chief Engineers when reports were coming 
the highest flood ever known along the Lower Mississippi, and this 
prompted him make tour along the river, stopping for observation and 
inquiry and near Memphis, Scotts Landing, Greenville, Vicksburg, Natchez, 
Baton Rouge, and New Orleans, reaching the lower points while the flood 
was still within about foot its maximum height. The speaker was treated 
with great courtesy local engineers, and was shown how the marvelous 
work defense was carried on. The Army officers kindly provided their 
service boats give opportunity for inspecting some the worst places, 
and the speaker saw the water pouring through the Poydras and Weecama 
volume each about large the whole outflow from 
the Great Lakes, while, far the horizon, fields were flooded, only the tops 
the farm houses showing above the flood. The speaker also visited various 
near-erevasses with engineers who had led the work defense. One must 
have personal view this kind order realize the terrors mighty 
Mississippi flood. 

All that the speaker saw and heard made profound impression, that 
here was one the greatest engineering problems the world, and that 
greater advance than the record shows should have been made 
years construction and study, with the expenditure nearly $200 000 000. 
appeared plain that there was still quite much need few thousands 
dollars for study, for the $40 000 000 asked for levees, and for 
the $200 000 000 $300 000 000 desired for mattress revetments order 
protect the levees. 

Early November, 1922, when the Mississippi was near its lowest stage 
for the year, the speaker revisited the sites the crevasses Poydras (see 
Fig. 27) and Weecama, inspected river channel conditions near New Orleans, 
Natchez, and Memphis, and examined the sediments along the bank, which, 
within short space, varied from layers clear, dry, firmly-packed, water- 
sorted sand grains soft clay-like mud, that did not easily give its water, 
and was almost devoid frictional resistance. 

This difference was plainly due the vagaries the eddying current 
and well worthy study the physicist. The size grain Mississippi 
and Missouri sediments differs greatly from the coarser gravels and sands 
certain European rivers from which many the textbook data have been 

From the curious freaks erosion witnessed, seemed beyond all 
doubt that some these great fundamental questions should studied anew, 
and that the proposed laboratory would extremely helpful. 

Inspection Wood Brothers’ Retards—At the Dayton Meeting the 
Society, April, 1922, course two-day session devoted almost wholly 
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problems flood relief, Roy Towl; Am. E., showed remark- 
able series moving pictures caving banks the Missouri River near 
Omaha, Nebr., and also methods protection known the “Woods Brothers’ 
System Retards” (Figs. and 29), which had been put in, the advice 
the engineers the Chicago, Burlington and Quincy Railroad, for the 
protection bridge abutments, with great success. told other examples 
these “retards”, which are form short permeable spur-dike, anchored 
securely wire cables concrete piles sunk far below limits scour the 
water-jet method. These retards have been subsequently introduced other 
places for preventing the erosion farm lands, with remarkable success. 
Their ordinary arrangement shown Fig. 28. 
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weeks later the speaker visited the river near Omaha, under the 
guidance Mr. Towl, accompanied the Assistant Chief Engineer the 
representative the Woods Brothers, and was 
impressed with the importance what they were doing, particularly with 
their method anchorage old steel concrete piles sunk water- 
jet far below possible limits erosion, the top the anchor piles being sunk 
about ft. below the normal bed the river the short space min. 
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29.—A Woops RETARD. 
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Bank-Heads.—Later the year, solely for the purpose obtaining addi- 
tional information about river-bank protection, the speaker visited the 
Engineer office Kansas City, Mo., and had long conference with 
Haydon, Am. E., Assistant Engineer, who had studied these 
problems for nearly twenty years and who displayed many maps the 
Missouri, from Sioux City, Iowa, the Mississippi show what had been 
done various places, various methods bank protection,.and for im- 
provement the navigation channels. told the speaker about the vagaries 
scour eddy currents, the rapid undermining and sinking scour, 
boats wrecked the sand, and much about unsuccessful experimentation 
building hurdles and spurs which soon were wrecked, that the speaker was 
again impressed with the need laboratory which such experiments 
could conducted with models, under controlled conditions, and more 

Still pursuing this study, the speaker re-visited the scene the outbreak 
the Colorado into the Salton Sea, and followed the river down along the 
levees into Mexico the recent cut, conferring with the field 
engineers. Everywhere, found need additional study, such 
can conducted only laboratory. 

Economy the Chief purpose the laboratory 
the promotion economy expenditures for flood control and navigation 
channels which are continually being asked from Federal, State, and Munici- 
pal governments, and aid forwarding, step connection with 
experiments pieces full-sized structure the river, the ultimate attain- 
ment the much desired channel from St. Louis the sea; and possibly 
even ultimately lowering the flood-plain the Mississippi such level that 
lower levees will more secure, even the point where levees will 
longer needed, although both these desiderata may long way off. 

Its purpose very different from that merely providing place for 
the recreation scientists and which they may have the pleasure 
making new discoveries and writing new treatises. discussing this 
laboratory with Senator Ransdell and other friends interested the great 
river and harbor problems the Mississippi Valley, there has been thought 
creating new scientific bureau the Government with this laboratory 
center. The only purpose has been find home some existing 
bureau, land now owned the Government, for one-story building within 
which should built few large pieces testing apparatus, under the 
custody some one engineer physicist high scientific training, assisted 
two three young engineering graduate students, one two 
and one two laborers, somewhat done with the great tension and com- 
pression testing machines the Bureau Standards, the Emery 
testing machine the Watertown Arsenal. The staff and employees this 
laboratory need not more than ten while operating maximum, 
and many problems could solved with half that number. 

For construction and operation, alongside the tank designed 
for river-flow experiments, the speaker has placed parallel tank, somewhat 
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has been done the most noteworthy river-control laboratories abroad— 
Dresden, Karlsruhe, and Vienna—which can used for experiments 
discharge over dams, siphon spillways, submerged weirs, fall increasers, energy 
absorbers, all fed the same pumps the river channel, and with the 
same regulators, and stilling devices, and with their discharge measured 
the same basin, and the same Venturi meters. 

the design such éngineering structures, the enlarged 
sizes and depths required recent years, there great need more data, 
which are nearly always beyond the such laboratories the 
engineering schools can afford, but can obtained economically this 
combination river tank and weir tank parallel. 

unfortunate that, some fields engineering design, there are still 
other data than those derived from little orifices, from in. ft. 
diameter, when designing sluiceways ft. deep and ft. across. 

There are also certain tests needed the naval engineer, the design 
boats, torpedoes, for which this tank, which large current can 
kept flowing circuit constant speed, would very useful. 

The great wind tunnels the National Laboratory 
Dayton, and the wind tunnels the Bureau Standards, are 
proving useful obtaining great variety important data resistance 
sundry objects and shapes currents air. similar line experiments 
with precisely controlled currents water could made with great advantage 
this proposed tank. 

There are many important problems, the economics engineering 
design, keep this river apparatus busy for five ten years, and there 
ample scope the same time for associated engineers working 
the rivers and harbors the United States, first collecting data now buried 
various offices, and next making new observations along the rivers, almost 
anywhere between Sioux City and Port Eads, with particular activity times 
high water and low water, and with frequent interchanges between the 
laboratory staff and the field staff. 

There are studies and comparisons worth making about the strange 
hydraulic laws that, one river, will build deep sand bank behind 
simple wire fence used current retard, and, another river, strongly 
built retards fascines and wattles, supported deeply driven piles, are 
quickly destroyed. There was ample precedent smaller rivers lead the 
original Mississippi River Commission expect good results from the rela- 
tively light, cheap structures proposed for training the current deposit 
its load sand, which structures were quickly destroyed. 

To-day the Min River, Soo Chow Harbor, China, some 
engineers are guiding the tidal current form new channel and deposit 
high bank silt behind fragile permeable dike slight bamboo poles set 
the sand, with few cross-poles wattled between. Where the flood 
current attacks the shore the Hoang Ho, the Chinese, guided the 
experience centuries, having timber, deflect earthen spur-dikes 
groynes, armored with relatively small mass stone their ends, which 
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point down stream about 30° from the perpendicular, and collect sediment 
the corners above and below, although other parts the world such 
structures would seem violate the common rules practice. 

all these things there are reasons which the laboratory will help find. 

Location and has seemed the speaker wise 
this laboratory Washington, instead some point the Mississippi 
Valley, because for best results should atmosphere, where 
the Director will have counsel with other scientists, and where 
can most conveniently help the various engineering and departments 
the Government. 

requires man rare quality for Director, one trained physicist, 
who knows about surface tension and colloids, and who can work with differen- 
tial equations. the same time must have love for the “great outdoors” 
and something the intuition old-time river pilot for seeing through 
muddy waters, and must able extract and absorb information from 
other men. 

Among the reasons for selecting Washington, the usefulness such 
laboratory other Departments the Government, such the Reclamation 
Service, the Hydrographic Department the Geological Survey, the Depart- 
ment Agriculture, and naval designers. would also useful the 
Army engineers engaged river and harbor work, and would convenient 
aecess the Engineer School. Experiments for some these Departments 
could conducted the weir flume while the river flume was being arranged. 
All could work harmony and co-operation for the common good, just 
now see officers and men from Army, Navy, and elsewhere co-operating 
the various laboratories the Bureau Standards, which more and more 
coming the great National Physical Laboratory. 

England the speaker was interested find the great naval tank for 
experimenting the laws resistance the motion ships, the National 
Physical Laboratory, with the Royal Society acting counsellor. 

During the summer 1922 the Department Agriculture has sought 
the facilities the small hydraulic laboratory the University Iowa 
conduct some experiments the flow water pipes, and the speaker 
informed that few years ago the same Department carried some experi- 
ments the discharge drainage channels, that could have been made 
far less time, and with greater precision the proposed laboratory. 

One the preliminaries the design the great flood detention works 
the Miami River near Dayton, Ohio, was engage professor from the 
University Iowa build small hydraulic laboratory which work 
out sluiceway problems. 

There many important problems which this laboratory could 
useful civilian engineers, when not use the Government, just 
many important tests the strength structural materials were formerly 
made the great Emery the Watertown for 
outside parties. 
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Obviously, the laboratory must convenient large amount electric 
power for driving the pumps, for occasionally there may few hours 
the course the year when much 1000 may required. 

water supply circulated pumps preferable supply drawn from 
river reservoir. One advantage this that the temperature the 
water can controlled, another that any desired mixture particles 
suspension can maintained, and still another that the precipitation 
extremely fine particles, which may state colloidal suspension, 
the addition chemicals can then studied, and perhaps much knowledge 
gained why some earths are much more slippery than others, their 
angle repose lessened that river banks and dams have disastrous slides. 

Measure Values total cost construction and mainte- 
nance the proposed laboratory would almost infinitesimal comparison 
with the cost the work carried Federal, State, and Municipal Govern- 
ments. Its teachings would useful economizing designs, lessening mainte- 
ance cost, safeguarding the purpose accomplished, and obtaining 
far greater benefits than contemplated present methods. may least 
hoped that ultimately new designs may worked out that will bring greater 
navigable depths, and that ways may found lower the flood heights 
creating greater delivery capacity the channels. 

Altogether, date, the United States Government has expended more than 
$100 000 000 the improvement the Mississippi River, and 
years has protected revetment only 100 out nearly 1000 miles caving 
banks. The work bank revetment was actively begun years ago. 

More than $16 has been expended the South Pass entrance 
the Mississippi alone, without yet getting stay open that pilot will 
take big ship through. 

One the latest Acts the 67th Congress was the appropriation 
$10 000 000 expended improvements the bed and banks the 
Mississippi between St. Louis and the Head the Passes. 

addition expenditures the Federal Government, which, theoretic- 
ally least, are for the improvement navigation, the States along the river, 
the Drainage Districts, and the individual owners are said have expended, 
the aggregate, still larger sums the levees. The States and Drainage 
Districts are still contributing about much money for levee building 
the Federal Government. 

should also kept mind that many the levees are not permanently 
secure until the bank front has been revetted, additional cost, present 
prices, about $60 per ft., $300 000 per mile. (The pre-war cost averaged 
about $35 per ft.) 

About $10000000 has been expended for improving the navigation 
the Missouri River between Kansas City and St. Louis; yet hardly more 
than beginning has been made stopping caving banks 
channels. 

Meanwhile, the old lines light-draft steamboats have practically disap- 
peared from its surface, although some are said deeply buried its mud. 
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The farmers the Lower Mississippi Valley are now urging their respec- 
tive States and the Federal Government join expending the $40 000 000 
estimated necessary complete the levees the height long ago pre- 
the Mississippi River Commission. When all these levees have 
been completed this full height, their existence will insecure until 
least $200 000 000 additional has been expended revetment work pro- 
tect the river banks but little more than the total length 
sides alone. only 600 miles are revetted, the cost $60 per ft. 
would least The report 1909 14-ft. channel* quotes 
the survey 1892 showing 906 miles caving banks, including both sides 
but excluding islands, the 885 miles measured along the mid-stream length 
the river. Some other estimates show nearly 1000 miles where revetment 
may needed ultimately, and sometimes, although rarely, revetment has 
replaced; but even the total only about 600 miles, 180000000 
big enough figure for present argument. 

For some years past, revetment has progressed the rate about miles 
per year; this rate, would take 300 years complete this 900-mile job, 
and, one wants hurry it, there limit the rate which willows 
suitable for mattresses can grown. 

Even after all that vast sum ($40 000 000 for raising levees and $200 000 000 
for revetting banks) has been expended, the agricultural interests the Valley 
will not be*secure against crevasses like those which happened the 1922 
flood Weecama, about miles above Natchez, the opposite side; that 
Poydras, miles below New Orleans; like those which were threatened 
Stanton Plantation, across the river from Poydras; that threatened 
Tunica, about miles below Memphis; and sundry other points which 
were off the line the proposed revetment, the levees guarding the vast 
Yazoo and Tensas Basins. 

Object Lessons the Unexpected—Although during the extraordinary 
high flood 1922 there was not single crevasse the 1400 miles river 
bank stream from the Weecama crevasse, near Natchez, there were many 
where there would have been damages running tens 
millions dollars, except for the energy with which thousands men 
responded the alarm and hastily erected temporary safeguards. few 
object lessons may cited unexpected happenings, and other things 
which came near happening, all which prove the importance problem 
and show the vastness the money valyes involved. There was the threatened 
crevasse Tunica, described Mr. which was outside the lines 
work the Mississippi River Commission, far away from the river shore, and 
back that ran through the trees, across the neck big bend. 
This was near the head the vast Yazoo Basin, and break here might have 
added sq. miles the flooded area, and $25 000 000 the schedule 
damages. 

The Weecama crevasse, near Ferriday, about miles stream from 
Natchez, another good illustration the happening the unexpected. 


Report, Mississippi River Commission, 1909, 46. 
See 1150. 
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This was far from the main river, along the lines Lake Concordia, 
abandoned channel the river left years ago cut-off. The speaker was 
told that one expected serious trouble there because the levee was mile 
back from the strong currents the main river, but the break came with 
such suddenness that nothing could done those living near except 
move out hurry. The crevasse originated sand boil which enlarged 
rapidly until about ft. the levee fell into the hole, after which 
widened the rate several hundred feet day, until, the time the 
speaker’s visit, was mile wide, and territory 1000 sq. miles was 
submerged the current, estimated roughly 200 000 sec-ft., about equal 
the whole flow the St. Lawrence River. 

Myrtle Grove, miles below New Orleans, the crevasse 1922 
said have occurred the middle the night, and have been due 
sand boil. 

Stanton Plantation, about miles below New -Orleans, nearly opposite 
the Poydras crevasse, the height the flood, the speaker found large 
number men hastily building section new levee back the threatened 
part. This was convex bend, well shielded grove willows 
the up-stream side, and trouble was expected. The river here was about 
ft. deep. Fortunately, the flood subsided before had cut entirely through 
the old levee. 

The Values Threatened—The great extent these threatened fertile 
bottom-lands not commonly realized. The total area the six lower 
Mississippi Basins nearly 000 sq. miles, 000 000 acres, subdivided 
follows: 


sq. miles 


Although this land now only partly drained, drainage has been going 
forward rapidly for years and only the assurance protection needed 
soon bring substantially all under moderate estimate its 
value when drained said $100 per acre, and this rate, 000 sq. miles, 
the Yazoo Basin alone (allowing that reclamation one-fourth the whole 
area impracticable) has potential value more than $300 000 000. 

all these basins there are present potential farm values nearly 
000 000 000, and the flooding any one them crevasse its upper 
end, like that which came near happening Tunica, with the driving 
substantially all the inhabitants from their homes, might readily cause 
damages more than $10 000 000 $20 000 000, although the waters receded 
rapidly enough permit late partial crop, around the Ferriday crevasse 
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May, 1922. Sometimes, floods stay late that practically the farmers’ 
whole year’s work lost. 

mile There also large loss fertile land year year the levees having 
with set back, about 500 ft. from the old location which threatened. 
The new levee thus sacrificed strip about mile long and 
arged 1000 ft. wide, perhaps 100 acres extremely fertile land. All along the 
ich river, sections new levee have been set back, showing that the first cost 
the not the only one. 
The damage that can caused such break threatened the season 
equal 1922 the upper end the Yazoo Basin, Tunica, beyond exact 
computation, and can hardly realized one who has not seen flow 
larger than that the Niagara the St. Lawrence River pouring through 
lue nearly mile wide and flooding tens thousands acres that 
only the tops the houses appear above the surface the water. 
posite startling fact that, after all the work proposed accomplished 
large topping out levees and revetting even 600 miles caving concave banks, 
atened this cost of, say, $230 000 000 has been out, breaks like those threat- 
ened Tunica and Stanton, like those which occurred Weecama and 
about Poydras, may still come, for three out four these localities were off the 
line the proposed revetment, and even revetment has sometimes succumbed 
wear and tear and the scour the flood. 
fertile Other Expensive River-Training great Imperial Valley 
lower California, with untold millions present and prospective value, still threat- 
ded ened the Colorado River below Yuma, Ariz., which, although diverted tem- 
porarily through the recent Pescadero cut into broad, low-lying area which 
will filled rapidly sediment unless extensive new river training under- 
taken, likely the course years shift its channel and perhaps 
repeat the break into the Salton Sea, the closing which cost the Southern 

Pacific Railroad 500 000. 

The State partnership with the Federal Government, 
now expending several million dollars new flood-relief channel for the 

Sacramento Valley, and both the Sacramento and the San Joaquin Valleys, 

with their tributaries,. present variety extremely important problems 
going erosion, transportation, and deposition sediment, which the proposed labora- 
needed tory could greatly aid solving. 
New Orleans, the past few months, has been discussing the old problem 
short cut the sea, through spillway about miles down stream, 
whole estimated cost for the immediate structure, and 
additional sums for the appurtenances and damages along its channel the 
After great sums have expended for the construction the works 
just the problem remains. For example, the Fed- 
eral Government now expends more than year the upkeep 
river-training structures along the Mississippi, and the speaker has been 


told that the Missouri would now require several million dollars put back 
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into good condition formerly, the river-training works which had 
neglected during the World War. 

Several pages could taken continuing this inventory, citing active 
calls for many more millions, but enough has been stated show that labora- 
men, extremely small comparison with possible savings. 

Apart from river-training problems, such levees, revetments, and chan- 
nel maintenance, there are the problems training tidal currents. Many 
harbor inlets are obstructed deposits drifting sand, along the coasts 
New England, the Gulf Mexico, and the Pacific Ocean. There are also 
urgent problems seashore protection, the economic design which 
laboratory such that now proposed would great assistance. 

Mississippi Not Saturated—Returning the Mississippi, now seems 
certain that Capt. Eads and others who judged conditions mainly from the 
practical viewpoint the field, were mistaken thinking that the water 
the Mississippi ever saturated with sediment. The quantity that can 
retained suspension probably depends almost entirely the size the 
sand grains, the velocity, and the internal motions caused irregularities 
bed and banks. The Yellow River, China, carries and sediment 
weight mid-depth and near the surface the peak flood, which 
more than double the highest percentage reported distributed broadly the 
Mississippi. Some Arizona and other Western streams carry similar high 
percentages. The speaker’s observations this mud-laden Yellow River 
tended disprove the oft-stated idea, that there slow-moving stream 
fluid mud sand, ft. deep, flowing along the bed. found plenty 
sand waves, with high steep down-stream slope, traveling slowly, but sign 
separate stratum flowing mud. 

The traveling sand waves along the river bed matter needing investi- 
gation. Perhaps such waves can guided and induced lodge where they 
will harm, somewhat snow fences along railroad guide the snow 
into drifts. 

Plainly, also, much useful information yet obtained about “boils” 
and vortices, and how control them put them beneficial use the 
transportation sediment; and all this work the laboratory, together with 
observations the river, will help. 

Filling Swamp with ago, China, near the old 
mouth the Yellow River, large tracts salt marsh were raised above the level 
the sea and made available for agriculture flowing bed silt from the 
river over them. long dike only few feet high was thrown along the outer 
edge the tract, and muddy flood water from the river was then carefully let in. 
This flooded the ground, and the great pool the burden silt was laid down; 
then the comparatively clear water flowed onward and out through sluices 
the sea. There large area east, south, and west New Orleans, suitable 
for such experiments, although the time may not yet have come when such work 
will pay dividends. better understanding the laws transportation 
sediments will help all such problems. 
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Cut and Refill ago the speaker learned the remark- 
able way which some the smaller rivers the Rocky Mountain region 
dig themselves during flood and refill the bed the former height they 
subside. Recent observations show that the Colorado River near Yuma pre- 
sents fine example this could desired. his studies the 
Yellow River the speaker was the lookout for such phenomena, for seemed 
him that the rules could established, the engineer could direct these 
sources power Nature for the use and convenience man.” 

Rothery, Am. Soc. E., has given interesting account* 
the utilization these forces helping dig the great Pescadero cut. 

using these principles, cost about $87 633, which dredging 
cost about other work that would have cost more than was 
postponed indefinitely. 

The dredged channels, about 200 ft. total width, and ft. depth, were 
quickly enlarged scour width about 500 ft. and depth that carried 
safely flood about 100000 cu. ft. per sec. conception and execution, 
this was good engineering work. The speaker had been planning something 
this kind China, but Mr. Cronholm and Mr. Carberry have forestalled 
him, and rejoices their success. 

Further study laboratory and field will disclose the rules for doing this 
kind work economically many places, and thereby enable the creation 
channels that would beyond the reach steam shovel, drag- 
line, dredge. Additional cross-sections the Colorado near Yuma, recently 
obtained, show that river bed following closely the same rules. 

For the alluvial, non-coherent, sands China the speaker found that, with 
mean channel velocities more than ft. per sec., cutting rapidly increased, 
and that the time the mean velocity had increased ft., the river 
bed was deepened fast, the sand being taken into suspension, that the 
velocity could not increase. The speaker’s observations, however, were but 
beginning, and needs laboratory experiment with many varieties mate- 
rial and various sizes grain determine these laws and make them 
convenient for use the engineer. the laboratory design, Fig. 18, the 
object the muddy water return conduit and the facility for changing the 
inclination the flume, was afford good range experiments this 
important matter. 

River Training Rivers, like the Lower Mississippi, the 
Lower Missouri, the Platte, the Hoang Ho, the Yangtse, the Ganges, and 
many others, flowing through broad alluvial deposits, present another inter- 
esting field which the laboratory may point the way shortening bridges 
such rivers, some cases, more than half. The speaker ventured 
design control works, about two years ago, for shortening the length the 
proposed new Yellow River Bridge the Peking-Hankow Railroad from 


miles less than mile, and had abundant proof that this was entirely 
practicable. 


Proceedings, Am. E., April, 1923, 671. 
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English engineers India have greatly lessened the length their recent 
bridges training the river into narrow course between “Bell-Bunds,” 
named from Mr. Bell, the distinguished engineer, who first devised them. 
very interesting book* this subject Sir Francis Spring, Am. 
Soe. E., one the most experienced the British engineers India, 
relates mainly this matter training rivers bridge crossings and low 
dams sand foundations for the diversion river water into the great 
irrigation canals. Fig. one Mr. Spring’s designs for one the most 
difficult bridge sites India. 
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Joint Study Laboratory and relation the proposed labo- 
ratory river training should understood clearly that instrument 
used conjunction with observations the river itself, and means 
controlling various factors governing the action water erosion, trans- 
portation, and deposition sediment, can studied separately. and the con- 
ditions repeated will. The confusion causes and other obstacles and limi- 
tations found attempting observe active, brief transitory flood phenomena 

the river, would thus removed. 

The method experimenting’ only with specimen the 
-river itself has been going somewhat spasmodically along the 


“River Training and Control the Guide Bank System”, Govt. Printing Office, Simla, 
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and Missouri and elsewhere for about years, and now seems high time 
economize and extend and supplement these field operations laboratory 
experiments. 

make still plainer the idea using the laboratory chiefly tool for 
supplementing studies the field, suggested that the best way begin 
these studies, and plan the sequence laboratory studies their order 
importance, would for the Director and some his helpers, while the labo- 
ratory was being built, organize systematic search through the archives 
the several District Offices the Engineers river and harbor 
work, and the offices the State Levee Boards, order collect all the 
data that can found the physics and these rivers, and 
gain the friendly counsel the officers now and formerly this service, and 
particularly the able staff Assistant Engineer; many whom have 
had the great advantage continuous for observation and con- 
tact with these problems year after year. 

The speaker assured the Chief Engineers that there are many 
unpublished data which would useful comprehensive study. appears 
rule imposed Congress that the Chief Engineers must not include 
technical discussions his annual reports. The annual engineering reports, 
dealing chiefly with details disbursements authorized Congress, are most 
rigorously condensed. 

After the Director and his staff had made this data survey they should 
re-read the report the physics and hydraulics the Mississippi Hum- 
phreys and Abbot. and the recent admirable “Résumé” Major Eveleth Wins- 
low, the technical papers the Proceedings the Navigation Con- 
gresses and the Engineering Societies, and the excellent books Van Ornum, 
Thomas and Watt, Col. McD. Townsend, (Retired), and Professor 
Hubert Engels, and examine the Congressional documents and reports 
commissions relating these rivers. Then these laboratory men would get 
better idea their problems some weeks voyaging along the river, 
examining the sites cut-offs, back channels, and sloughs, stopping for hours 
typical suction eddies, boils, sand-bars, and caving banks, sampling the 
strata, making sediment determinations and mechanical analysis sands, 
and testing various current meters and sounding apparatus typical 
eddies, vortices, boils, and traveling sand waves, repeating these visits 
widely different stages, and particularly visiting recent crevasses, and points 
where crevasses were dangerously near April and May, 1922. Incidentally 
they might try find out what becomes the sand grains traveling down the 
river abundance and used for mortar sand the up-river cities, although 
hardly anything large in. diameter can found below New 
Orleans. Doubtless, these are coarser the upper river, and explanation 
yet hand what becomes the coarser sands for they are not found 
below New Orleans the Passes the mouth. Most the material 


sand waves and crossing-bars believed those familiar with the river 


local origin, coming from the caving banks immediately stream, but 
where the sand waves go, which have traveled down stream all the time 
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since the glacial epoch? seems hardly possible, contended old 
Italian authors, that pebbles are worn sand, and sand grains silt. 

After obtaining this foundation records and fresh personal contact with 
land and water, the Director would find the most important laboratory prob- 
lems the fundamentals, such the study erosion velocities for differ- 
ent materials, the trace currents around obstacles, continuation the 
Gilbert experiments with grains small sizes, the laws sedimentation, the 
behavior colloidal material, and the action mixtures under-currents 
sea water precipitating sediments carried fresh water. 

would probably found that data from experiments European rivers 
were largely inapplicable river training along the Missouri and Mississippi 
because the much larger grain size European sediments and their less 
adhesive quality. the speaker’s few observations abroad has noted many 
important differences. 

Alternate Work Field and Laboratory—The great advantage the 
laboratory that one can create the special condition which desires 
observe regarding velocity current, kind bed material, angle 
impact, and can vary the conditions and watch the modification 
way that cannot done the field. 

few barrels river sand (or carload), from any desired locality can 
transported the laboratory and spread over the model river bed. 

one variant after another the investigator can form conclusions, 
whereas the river itself during great flood there scant opportunity for 
studying the precise relation cause and effect between current and sand 
grain. After all, the problem may found mainly one the little 
things, single sand grains and molecular forces, rather than the 
the great mass. 

The great floods which threaten widespread damage come only about once 
years, and will nearly always happen, the flood 1922, that the 
engineers competent make scientific observations will busy night and 
day strengthening the levees. The speaker asked the Chief 
A., if, during the recent great flood any observations had been obtained 
which would show whether the Mississippi, like the Yellow River, dug its 
bed deeper during flood and refilled with sediment the waters subsided 
and velocity decreased. answered, “no, because the entire staff then had its 
hands full hastening the work levee protection.” 

presumed that, during the past years, many data that kind have 
been obtained, but probably new systematic study would call for supplement- 
ing the present data new surveys, soundings, borings here and there, 
such could done one small party. After the lay the land, had 
been learned, emergency work could organized cover critical points 
time flood. 

Fortunately, great flood about years ago, there happened 
the field half dozen survey parties mapping the river. Their work was 
interrupted the flood, and with great wisdom, described the late 
Johnson, Am. Soe. E., who was charge one these parties, 
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they set work with increased energy collect all possible engineering data; 
old but seems that during the years that have elapsed, this happy accident 
opportunity for data collecting flood time, has not been repeated. 

with the relations between the small model and the great river, the 
prob- effect scale model, velocity current, and size grain affecting 
erosion, suspension, transportation and deposition sediments, the dictum 
the the mathematician need not accepted without convincing proof from 
the other sources, because, with the arrangements proposed, which group 
field observers work hand hand with the laboratory group; with frequent 

interchanges personnel, one could soon confirm readjust the scale rela- 
rivers tions that already appear have been worked out satisfactorily the river- 
control laboratories England and Germany, set forth particularly the 
less works Professors Osborne Reynolds, Hubert Engels and others, well 
many Professor Van Ornum’s account the laboratory Berlin. 

The speaker stated before the Senate Committee, that the steamboat 
the pilot the river and the scientist his laboratory each has certain advan- 
esires tages his point view, and that much the river-training work America 
has been that quality that might expected produced committee 
steamboat pilots without special training exact science, and that 

now high time for more science. 
can There doubt that the Army engineers have devised the very best 
revetment and can put down more skilfully than any other group men 
the world, but the problem remains finding way safeguard 600 miles 
for river banks and levees less cost than per mile, and way 
sand maintain navigation channels more than ft. deep without continuous dredg- 
ing. laboratory like those abroad, but bigger and better, would help them. 
the Although the speaker has read ‘and re-read much that has been printed 
English river training, has seemed that the present state 
once attainment river science resembles that attained chemistry before 
the sensitive balances were used—or electricity prior the use the 
and units,” and that diametrically opposite opinions found strongly 
ineers, expressed equally eminent authorities almost every important subject. 
tained would seem that engineers are still the stage opinion evidence, and 
its plainly need more precise weights and measures laboratory and field lay 
the foundations real science river hydraulics. 
had its Not many years ago, the builders highways had little use for 
refinements for highway laboratory, and methods and opinions 
have varied proportion the number county commissioners, but, within the 
ement- past few years, the laboratory has become widely recognized the utmost 
there, importance the economic building and maintenance State and city high- 
had ways, and will found with the studious use the laboratory close 
ints association with observations and experiments the river. 
result costly experiments, the general line effort training the 
Lower Mississippi appears have been changed radically, about years ago, 


' 
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ceasing attempt train the river its own digging over the bars 
and shoals narrowing the wide places with permeable dikes behind which 
deposits sediment would accumulate, and concentrate the current one 
main channel. 

For many years the efforts appear have been confined almost solely 
holding the caving concave bank where found, using revetment, the 
river being left follow its own inclination along the convex shore and within 
the broad areas found straight reaches and reversals curvature, per- 
mitting shift its channel between shoals and islands, almost without 
restraint. Meanwhile, dredges have been adopted extensive scale for 
maintaining through the bars channels sufficient depth for the small 
present-day steamers. 

The original policy remains unchanged preventing cut-offs and fixing 
the main channel substantially its present location, and avoiding any 
attempt straighten the river shorten its course, the reason being that 
each cut-off quickens the velocity the current, starts new banks caving, and 
thus tumbles into the river new masses débris form bars, fill channels, 
and plant snags. 

When the Mississippi River Commission made its first report, years 
ago, the members (one whom was Captain Eads, and all whom had long 
experience with this river), although differing some points, agreed 
clearly defined policy what works were needed improve navigation and 
carry out the purposes the Act Congress June 28, 1879, which were, 
the words the Act: 

“To mature such plan plans and estimates will correct, permanently 
locate, and deepen the channel and protect the banks the Mississippi River; 
improve and give safety and ease the navigation thereof; prevent destruc- 
tive floods; promote and facilitate commerce,” etc. 


The opinion and the members the Commission may sum- 
marized the following sentences taken from their report: 


“The bad navigation the river produced the caving and erosion 
its banks, and the excessive widths and the bars and shoals resulting directly 
therefrom. 

* * * * * * * * * 

“Tt would seem, therefore, that the plan improvement must comprise, 
its essential features, the contraction the water-way the river 
comparatively uniform width, and the protection caving banks, 
bad navigation invariably accompanies wide low-river water-way, and good 
navigation narrow one. 

“The work done, therefore, scour out and maintain channel 
through the shoals and bars where the width [of the river] exces- 
sive, and build new banks and develop new shore-lines, 

“Tt believed that this improvement can accomplished below Cairo 
contracting the low-water channel-way approximately uniform width 

“Tt believed that the works estimated for this report will create and 
establish depth least feet extreme low stages the river over all 
the bars below Cairo, 

“Tt the opinion this Commission that, general rule, the channel 
should fixed and maintained its present location; and that attempt 
should made straighten the river shorten cut-offs. 
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“The borings made 1879 New Madrid and Plum Point, 
well those near Lake Borgne, reported the levee commission 1875, 
and others made along the proposed line the Fort Saint Philip Canal, and 
the artesian well sunk New Orleans, all furnish concurrent evidence the 
yielding character the strata forming the river-bed. This evidence, taken 
connection with the fact that deep water foynd all the bends the 
river where the width not excessive, point the conclusion 
that there extensive stratum material capable resisting erosion 
and preventing the river from deepening its own bed. exceptional locali- 
ties, where the material too tough, the gravel too heavy for removal 
scour, dredging may have resorted auxiliary, the depth secured 
this means being maintained the works erected for narrowing the stream. 

“Experience justifies the belief that the requisite correction 
and equalization the transverse profile the stream, developing new 
and building new banks, may made chiefly through, the 
instrumentalities light, flexible, and comparatively inexpensive construc- 
tions poles and brush, and materials like character. 


“The closure deep channels low-water chutes, with view con- 
the flow single passage, may require substantial dams brush 
and riprap stone gravel, but believed the lighter and less costly works 
will generally suffice.” 


Revised Conclusions Mississippi River Commission.—A few years 


expensive experience taught the members the Commission that they had 
greatly underestimated the forces with which they had deal. 

interest note that, all through the early reports the Com- 
mission, the improvement navigation the fundamental idea, and almost 
nothing said about levees; for that time and for long afterward was 
considered that those who owned rich agricultural lands should bear the cost 
protecting them against flood. interesting, one follows the long 
series Engineering and Congressional reports the Mississippi, note 
the gradual change the respective prominence given navigation and levee 
construction. the early years, navigation was almost the only motive. 
later years, the emphasis put levee building and building revetment 
for protecting the levees, order that the sediments from caving banks might 
not obstruct the river bars. 

has been long recognized, and has been stated repeatedly the engineers 
and the members the Commission, that stop could put the vast 
quantities débris and earth tumbled into the current year after year 
caving banks, the annual up-building bars would soon cease and dredged 
channels could readily maintained. 

may worth while review again these early ideals, having improved 
navigation channels the chief motive, and such new study the labora- 
tory could made great service, better forms cheap dikes and retards 
could devised, and better understanding gained just where place 
them, 

the early days the Commission, was believed that, the use 
these longitudinal permeable dikes piles and brush fascines, connected with 
the old bank suitable intervals, cross-dikes like character, the areas 


yf 
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thus reclaimed narrowing between the banks, could converted into 
silting basins, and that building them deposits would continu- 
ously through high-water seasons; new dikes and retards being built the 
higher level, growth required. Wherever necessary the newly formed bank 
was protected mattress revetment, equivalent device, and the 
river thus held the narrowed course. 

Experiments Plum Point proving these conclusions, and 
order obtain better basis for estimates cost, the Commission 1890 
selected Plum Point Reach (Fig. 31), about miles length, some 
miles stream from Memphis, known one the most difficult localities 
along the river, where times low water the depth available for navigation 
sometimes fell less than ft. The shallowness and the shifting channel 
here were evidently caused the excessive width the river, which for long 
distances was from miles from bank bank, between which were 
various low islands, separated chutes which parts the flow the 
river. 


MAP 
PLUM POINT REACH 
SHOWING PROJECT FOR 

CONTRACTION WORK 1881 


For the initial works the Board adopted plan reported previous 
Board Engineers January 25, 1879, and secured, March, 1881, 
appropriation This was followed other appropriations, applied 
almost solely attempts train the river within this relatively short reach, 
which amounted more than the course about years, 
which time Congress seems have become frightened the costs and lack 
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permanence, and called halt limitations the Appropriation Act 
1885. 

Longitudinal dikes and this light character, built the 
first years cost hundreds thousands dollars, were destroyed 
quickly successive floods, mainly reason the out the bed 
shifting sand into which the supporting piles were driven. The permeable 
structures became clogged vast quantity floating trash, uprooted trees, 
which some places piled depth ft. against the dike and 
extended out several hundred ft. front, that head water and great 
pressures were developed. Thus strong current was created under the base 
the dike, and the support the piles was quickly scoured out. The longi- 
tudinal direction appeared particularly invite attack, and the scour 
deep, narrow channel along its down-stream side quickly developed which 
had guarded against wide strong mattress work through which the 
piles finally were driven. 


The story these experiments, detailed Col. Winslow, extremely 
instructive. 

Structures increased strength were gradually developed, which, although 
breached here and there the flood, resisted long enough for admirable 
demonstration the original idea the Commission, that behind such 
permeable barriers high banks sediment could built up, which would 
soon become overgrown with willow thicket. 

The trouble came with the quick tearing out the permeable dikes and 
the great cost providing them with footing that could resist scour. Then 
they developed the triangular-frame dike and its detached pile anchorage, 
very close prototype the recently successful “Wood Brothers Retards.” 

The progress this experimental work, with its failures and its successes 
admirably set forth Col. Winslow’s résumé the operations the First 
and Districts during the 20-year period, from 1882 1901.* 

This work river-bank training and upbuilding cost about three times 
much had been estimated the beginning, and the report the Com- 
mission 1889 indicates more less change base, ceasing attempts 
narrowing the river while turning toward making the work bank protec- 
tion with revetment importance. 

other words, since that time, instead trying put the bank where 
ought be, order give uniform width river and consequent con- 
centration scouring current over the bars, which, the state Nature, 
are found mostly straight reaches and points reversal curvature 
and the river excessively wide, apparently the Commission now 
concluded that the cost compelled the abandonment that plan and the 
acceptance the location banks presented Nature, and that most the 
works constructed the future would have limited protecting 
revetment those parts the bank immediate danger erosion and 


Occasional Paper No. 41, the Engineer School the Army, published 1910. 
Notwithstanding its modest title, this 296 page book, with its accompanying volume 
plates, its clear judicial descriptions failures and successes, forms most instructive 
book this one phase river training. might well republished for wider circulation, 
and put the reference table all schools Civil Engineering. 
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caving, which parts are found along concave shores along city fronts, 
selecting from hundreds miles caving banks the few worst places. 

was estimated that this revetment work protecting these threatened 
banks would cost, for the type thus far devised and perfected, about $150 000 
per mile, and assuming that only 400 out the 1200 miles comprising the 
two banks down stream from Cairo required such revetment, the cost would 
aggregate $63 000 000. 

Since that time the strengthening design and the increasing costs 
labor, have brought the cost revetment about per mile, and the 
careful inventory caving banks presented the report the Commission 
the 14-ft. waterway mentions nearly 1000 miles and estimates that perhaps 
600 miles would require protection order hold the river its present 
position, and prevent the enormous burden earth and snags thrown into 
from the caving banks, following each flood. 

Although realizing that these problems the Mississippi and Missouri are 
far more difficult than any studied the European laboratories, the speaker 
strongly inclined believe that the laboratory would have helped lessen- 
ing the cost developing the successive types dike used the Plum Point 
Reach, and that within the possibilities that might now point the way 
cheap and successful section and form permeable spur-dike with 
rounded end inclined the current, which the bank could built and 
held. 

one reads the extremely instructive accounts the expensive experi- 
mental work creating new banks and closing chutes Plum Point, and 
notes the success the latest development the dike, which submerged 
triangular frame supports inclined flexible screen willow trees, held 
flexible cable detached pile, can but note how closely this fore- 
shadowed the recent form the retard, and wish that the Commission might 
have continued its experiments further, and used heavy anchorage sunk 
water-jet below the limit scour. 

Nevertheless, the Mississippi presents its problems large scale, 
that may take years more experimental work one kind and another 
before its solution can confidently reached. present are years 
along the time axis from the Humphreys and Abbot investigations, and 
seems proper hope farther the next years, the problem 
attacked earnestly and studiously laboratory and field. 

The Missouri River and still smaller streams present the most inviting 
opportunity work gradually structures scale that can used 
with the far greater channel depth and greater flood rise the Mississippi; 
and what has been done the Missouri the last two three years, with the 
Woods Brothers’ system anchoring their “retards,” following years 
other experimentation, certainly promises success training the Missouri. 

the latter river, more than years ago, results were obtained the 
long, gently curving reach near Jefferson City, Mo., which appear prove 
abundantly the possibilities maintaining good depth through the currents, 
the river can held nearly uniform width. This illustrated Sheet 
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No. the map showing the condition improvement works constructed 
the Missouri River Commission the years, from 1891 1901, 
inclusive.* The ends the groynes there shown seem have been gnawed 
off ice and current, but, doubtless, one could soon learn how shape the 
ends that they would remain. 

From reading the many reports the Missouri, would seem that twenty, 
perhaps fifty, kinds current retards, dikes, groynes, gabions, and bank- 
heads had been tried for guiding currents protecting banks. Waters 
Fox, Am. Soe. E., has written excellent those tried 
the years from 1876 1908. Any one who will extend the clear 
and discriminating record given Mr. Fox through the past years, 
and will also compile and complete the present the story well told 
Major Winslow about the years failures and success the Plum Point 
Reach, adding the experiments Lake Providence and other parts the river, 
and will then give account the forms Brownlow weeds, bell-bunds, 
tried India British engineers along the Ganges and Indus, will 
making monumental contribution river engineering, because, “it through 
our failures achieve success.” 


The paramount idea expenditures the Mississippi and other rivers 
the Federal Government originally was that the improvement naviga- 
tion, under the constitutional power regulate commerce between the States; 
but, within the past century—and particularly within the past thirty years— 
the relative importance the improvement navigation along the Mississippi 
above New Orleans has shrunk insignificance comparison with the 
demands for the reclamation fertile farm lands and their protection from 
flood. seems exaggeration say that to-day, stream from New 
Orleans, reclamation and flood control are, the popular view, hundred 
times more important than navigation. 

Under the competition railroads, with unfair rates and from river 
ports, and with their far more convenient terminals and their better facilities 
for receiving freight from farm factory, and for delivering their freight 
directly into the warehouse whence distributed toward the ultimate con- 
sumer with minimum rehandling, trucking, breakage, and delay, the 
steamboat has now practically disappeared from these rivers important 
means transportation. 

From time time there popular agitation about restoring navigation. 
Examples transportation European rivers are cited, and rosy pictures 
are painted the products the great Mississippi Valley floating their 
way from St. Louis, from Omaha, Pittsburgh, and even from Chicago, 
New Orleans and the sea, way the Mississippi and its tributaries. 
Far from the speaker say this could never come, under some new 
method river-bank training and control which the future may worked 


Forming part report dated April 30, 1908, Edward Schulz, Am. Soc. 

Col., Corps Engineers, made the Chief Engineers, and published 
Congressional Document No. 1120, R., 60th Congress, under date December 1908. 

Transactions, Am. Soc. E., Vol. LIV (1905), 280. 
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out slowly and step step, with this proposed laboratory one 
the leading instruments. 

The 14-ft. channel having proved beyond economic reach, because quick 
refilling dredged cuts and the enormous costs, all that now seems. 
expected, hoped for, channel across the bars not less than ft. deep 
the low-water season. The speaker has profound respect for the knowledge 
the able men who have devoted years close personal study this river, but 
far from giving hope that, under some new departure, with the laboratory 
aid, ft., even ft. St. Louis can had within fewer years 
than have elapsed since the studies Humphreys and Abbot. 

The aid levee building the Federal Government the theory 
that the levees will aid navigation confining the water from spreading, 
thereby causing deepening the river channels, which gradually would 
improve navigation. The opposite result, namely, that the river bed would 
raised confining the water and preventing the deposit sediment 
the back land was often prophesied years ago, but less confidently recent 
years. 

Depth not Impaired Levees—Any unprejudiced engineer who studies 
the evidence must agree with the Army engineers and the Mississippi River 
Commission that this narrowing levees has not been injurious the channel 
depths. 

Careful surveys, with thousands measurements and comparisons bed 
elevations, appear show slight deepening, although perhaps not yet enough 
compensate for the waterway cut-off, and may true confine- 
ment has raised the height floods. 

The proportion the whole discharge carried onward that part flood 
spread thinly over the bottom-lands, over low foreshores covered with willows, 
far smaller than popularly supposed, may readily shown computa- 
tion for specific case. The widespread flood moving down stream, eddying 
around obstructions, makes great appeal the eye the non-scientific 
observer, but the speaker has found computation for specific cases that 
90% the flood volume was contained the relatively narrow channel 
over the deep ordinary bed. 

far definite records have been found, whatever deepening the 
channel bed has been caused this confinement flood waters levees 
has thus far caused deeping the river the critical points sufficient 
facilitate navigation materially. 

Although the average wide-spread surveys shows some slight deepening, 
not the depth over the broad area, but that the narrow channel the 
short course over the bars, which affects navigation, and appears 
ingly evident through the work successive years that the only kind 
narrowing which can effective deepening the navigation channel must 
that order originally attempted the Commission 1882, and sus- 
pended indefinitely because cost and breakage until good durable and 
economical form groyne spur-dike can invented. Hence, the 
earnestness presenting the laboratory method aid for developing this 
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much needed structure. steamboat channel dredged through bar gen- 
erally filled again the next flood; that under present conditions and 
far the present system can projected into the future, the maintenance 
good practical navigation channel from St. Louis Vicksburg, below, 
dredging, becomes never-ending labor. 

The admirably complete report the Board Army Engineers the 
proposed 14-ft. waterway from St. Louis down stream instructive these 
matters. After long investigation, with many surveys and review the 
experience years, the members the Board appear have concluded 
that the maintenance the 14-ft. depth channel across the bars was not 
within financial was estimated that 14-ft. channel over 
the bars from St. Louis the mouth, under the prices 1908, would cost 
$128 000 000 for construction, and annually for maintenance after 
completion. was concluded the Chief Engineers submitting this 
report the Secretary War that 8-ft. channel Cairo and 9-ft. one 
thence down stream, according previous projects, “would give adequate 
service and would desirable cost was reasonable.” 

Surveys are said demonstrate that the present average low-water depth 
between St. Louis and Vicksburg about ft., but this case averages 
not count. controlled the shallows ft. over the bars that 
hardly more than the length the steamboats’ course. 

Bars Caused Floods and Caving Banks.—The principal trouble main- 
taining navigation depths over the bars has been well understood since the 
days Humphreys and Abbot. was excellently explained, years ago, 
the late Professor Johnson, who gained his experience years spent 
Assistant Engineer the early river surveys. made plain 
several publications that during flood the Missouri, the Ohio, and the 
Mississippi Rivers build barriers the river bed which impede their 
discharge. 

They this digging out material, previously derived from caving 
banks, which has been deposited deep pools. They pile this material 
deposits, where the velocity lessened the greater width, localities 
where the curvature reversed, the excessive widths some the 
long, straight reaches. 

The main across the sharp points the bends, takes 
direct course floods than that followed the low-water stage, and 
the distribution surface slope which drives the water onward much 
changed between low-water and high-water conditions. During low water, the 
slope the long, deep reaches around the concave bends small 
times almost inappreciable, and the fall concentrated almost wholly over 
the bars between these pools. 


*See Report Special Board Engineers the Survey Mississippi River from 

Louis its mouth, with view obtaining channel ft. deep, Govt. Printing 
ce, 1909. 

This 532-page report literally crowded with valuable information and, together with 

the 296-page Résumé Mississippi River Improvements, 1st and Districts, 

Major Eveleth Winslow, published 1920, presents the best collection data since the 

Humphreys and Abbot report that the writer has been able find. 
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Professor Johnson made the surprising statement* that the mean velocity 
the water great floods some these reversals curvature, only 
half the velocity then found the deep pools the bends, and stated that 
this reduction velocity the cause the dropping the sand and gravel 
which forms the bars these localities. One naturally pictures the deep pool 
having the smaller velocity, and this may true low stages. The pool, 
however, deep only its outer concave cutting-edge; the opposite edge 
shallow; the straight reach the cross-over broader and more uniform. 
Professor Johnson pictured the whole river series alternate pools and 
shallows, with first reach swift motion producing erosion and then 
reach slow motion with deposition. 

cited example how the river obstructs its own flow the barrier 
built during flood, comparing heights before and after flood, 
Columbus, Ky., about miles below Cairo, with the same number cubic 
feet per second flowing, and found, shortly after the peak the flood had 
passed, that the river stood 2.15 ft. higher the falling than the rising 
stage, and that after the water had subsided farther, near the normal low- 
water stage, the surface elevation was then ft. higher than for the same 
quantity discharging prior the flood, due the deposit gravel sand 
dug from the curved pool the flood and deposited the slower velocity 
the greater width the cross-over bar. 

The Humphreys and Abbot report, Plates 14, 15, 16, and 17, presents 
abundant proof similar facts. 

the result his personal experience along the river and his later studies, 
Professor Johnson presented the following interesting conclusion: 

“Tf this river flowed between straight parallel banks, such Captain Eads 
has constructed the mouth the river, there could then such thing 
this discontinuous transportation sediment, and hence alternate 
scour and fill. The concentration volume would beneficial, and would 
ultimately lower the river bed.” 

Judge Taylor, long member the Mississippi River Commission, 
had said that all the caving banks were revetted, all the bars would starved 
out; and that substantially all the bar-building sand gravel local 
origin. 

Professor Engels discusses this matter much length his treatise 
river training and Mr. Francis Spring, his book Indian Rivers, 
presents sundry diagrams illustrating this succession pools and shallows, 
and the concentration fall the cross-over bars. 

having model section river set the proposed laboratory, 
experiments would soon point the way planning just how and where obser- 
vations could made most advantageously during the limited period while 
flood progress, and could thus hasten the finding useful facts the 
river. 

Captain Eads evidently was strong and clear his belief that the way 
improve navigation the Mississippi between Cairo and Vicksburg was 
narrowing the channel these crossing-bars, that the deposits described 


Journal, Eng. Soc., July, 1886, 173, seq. 
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previously would not take place. Efforts carry out his ideas seem have 
ceased with the costly experiments Plum Point. The speaker believes 
would wise revise Captain Eads’ designs and make further trial, first 
the laboratory, and, later, the river. 

Flood Relief Channels vs. Navigation navigation channel 
chiefly low-water problem. The flood relief channel chiefly high- 
water problem; and education for improving the two comes from different 
schools. 

From reviewing much that has been written European and American 
engineers, seems plain that the attention those who have attended Navi- 
gation Congresses, and those who have written river training advocating 
gently curving course instead one that straight, has been chiefly focused 
the problems navigation and shaping channels that deep water 
would run parallel the bank uniform distance therefrom, and 
that sand-bars and shoals would remain the same place for season. The 
pilot might then know where expect them, and could hold his course with 
safety some definite distance from the concave bank and have his mind 
ease until approached reversal curvature with its inevitable cross- 
ing-bar. 

The Government engineer charged with river improvement often finds 
far more economical have his dredging operations for 20-mile reach 
mainly concentrated within the fraction mile within the width the 
crossing-bar, while Nature maintains convenient depth, mile after mile, 
along the bank. 

These conditions have led general commendation the superiority 
curved channels, general conclusion that Nature preferred gently 
curving channel, and that was “fighting Nature” attempt train river 
the straight and narrow way. 

Those trained the school for improving navigation seem have gen- 
eralized too broadly their writings, and have overlooked the very differ- 
ent requirements training river for flood relief. 

When one focuses attention flood relief, very different conclusions are 
reached, and American rivers, flood relief and reclamation are just now 
hundred-fold more important than navigation. 

When one designing channel carry the maximum quantity water 
away quickly, makes straight and gives all the slope hydraulic 
gradient obtainable; moreover, seems proved that, other things being 
equal, straight channel will attack its banks less severely. 

The problem relief from flood may worked out two very different 
ways: 

(a) That restraining the flow, the detention dams and reservoirs 

the Miami system; 

(b) planning channel that will take this water away fast 

comes, with all possible rapidity. 

make long reach river serve detention reservoir maintain- 
ing course may have its beneficial uses, but far from always 


1242 NEED NATIONAL HYDRAULIC LABORATORY [Papers. 


being the best plan; and brief study shows that holding back the floods 
along the lower reaches the Missouri, Ohio, Mississippi any system 
separate reservoirs, utterly hopeless. 

Neither the textbooks nor the technical publications appear recognize 
this difference between navigation and flood relief problems clearly 
desirable, and the speaker fears that the roots the original deep-seated navi- 
gation motive sometimes obstruct the progress the more recent flood-relief 
motive. 

Nature’s preference for curving course, one must look farther 
and note that Nature’s purpose primarily appears that slow, million- 
year process leveling the mountains erosion, transporting this eroded 
material torrents and rivers, and depositing this far down the valley 
those broad deltas and bottom-lands which are the farmer’s best heritage. 

has been strongly maintained many that, along the Mississippi and 
the Missouri, was mistake interrupt this process Nature and prevent 
the mud-laden flood waters from spreading across the delta over the lower 
lands farther from the river margin, and filling them higher grade; but 
these authors have not, far known, presented any figures the length 
time would take fill these back lands with sediment the present 
rate. The present condition the low back lands shows that the best that the 
river has been able 20000 years more since the latest glacial epoch, 
and computation with the best data doubtless would show that the completion 
the job would require period far greater than that which has elapsed since 
the dawn history. 

The proposed hydraulic laboratory will help greatly studying the possi- 
bilities training river straight course, that will dig its channel 
deeper and carry its flood water and its burden sediment promptly the 
sea with the least possible damage near-by farms city plats; and 
possible that will help show how lower the general flood-plain that 
these back lands the Mississippi and the Missouri can easily drained, 
and that, for much the way, levees will finally more necessary 
than the works the ancient mound builder. 

Straight vs. Crooked Rivers—One the unfortunate generaliza- 
tions derived from the predominance the navigation idea, that the 
always better than the straight channel. Experiments could set this 
laboratory for finding what, any, are the objections and limitations the 
use straight, deep, narrow channel for taking away with all practicable 
dispatch the mud gravel-laden waters flood, and how far one can safely 
cutting out the bends crooked river. 

The speaker has found most excellent reasons for believing that the Colo- 
rado River below Yuma, Ariz., which not only serves but threatens the 
Valley California and the broad areas eotton plantations south 
the International border Mexico, can made most secure confining 
the straightest practicable channel from Yuma the Gulf California 
and having net width less than 1000 ft. (perhaps only 600 ft.), with 
dikes each side the river protected their outer face heavy 
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ous rip-rap, possibly with the addition groynes, say, 100 ft. long and 500 ft. 
apart, inclined down stream 30°, with ends rounded off 150-ft. radius 
and the outside rip-rapped, with concentration stones the end and 
big pile handy for repairs. railroad along the top the dike, fed from 
quarry with broad working face and ample reserve stone, with steam 
shovels, cars, and locomotives should always readiness for rushing train- 
loads stone threatened locality. 

The narrowness and straightness this channel would among its chief 
elements permanence and safety; for the speaker has been told the 
engineers the ground that they find that flood does not “buck the dike” 
with nearly dangerous impact when flowing parallel when can first 
bend away and later come back and attack with full force and momentum 
nearly right angles. The speaker was greatly interested, when visiting 
this locality, note the apparently contented way that the Colorado River 
had been following for years past the straight and narrow channel imme- 
diately below Yuma. 

the matter obstruction sand waves moving slowly down stream 
along the bottom the rate about mile year, the straight channel 
appears have the advantage, when this obstruction compared with the 
crossing-bars curving channel points reversal, because the sand wave 
seldom extends more than half way across the river, commonly projecting 
from one side, and leaving the other free, while the cross-over bar extends all 
the way across. The sand wave worthy much closer study motion, 
shape, composition, and the contact velocity the water. 

Whirlpool Erosion Convex Shore.—One the most instructive facts 
that has ever come the speaker’s attention relating the method which 
floods sometimes double the their attack the convex shore, 
sort hydraulic cyclone, was recently supplied Porter Preston, Am. 
E., Resident Engineer the Reclamation Service, Yuma, 
regarding the crevasse the dike, which occurred July 1921, above Gadsen, 
the east side the river about miles down stream from Yuma, 
bend the levee. (See Figs. and 33.) 

For days previously the river had been high flood which gradually 
increased sec-ft., carried channel about 500 ft. wide. Such 
figures mean little one who has not observed flood sec-ft. 
more narrow river. This almost half much carried the 
St. Lawrence. 

shown Fig. 34, the flow approached two converging channels from 
around bar submerged island, the westerly channel being the more power- 
ful. Gradually the easterly channel became weaker while the westerly 
increased, and although the water was rising and the discharge evidently 
increasing, the channel did not dig for itself greater width. Finally, the 
effects erosion began show, and 242 carloads stone were dumped from 
the railroad track along the levee the threatened point, but spite this 
effort hold the bank failed, and section 200 ft. long was undermined 
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and settled where half hour before seemed all Two -hours 
later the breach was more than 1000 ft. wide. 
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Now comes the story special interest. For two days before the failure 
had been noted that the surface the water the gauging station, some 
distance stream, rose and fell about 1.8 ft. frequent intervals, and along 
the converging channel was noted that the current carried violent whirlpools 
which continued rotating down through the narrow channel, that the advan- 
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tage the full sectional area was not had, the off side the current 
was traveling stream with small onward velocity, while the side the 
whirlpool next the river bank carrying the levee tore past with greatly 
increased velocity. These whirlpools passed intervals min., and 
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was while these were passing the narrows that the rise the river gauge 
oceurred, showing the effect this obstruction. 

The water level the middle the whirlpool seemed about ft. 
lower than the cireumstance. The whirlpool rotated clockwise and thus cut 
hardest against the levee. the general rush efforts save property, 
there was opportunity for precise measurements velocity relative 
height, make soundings the river. the gauging station the depth 
meanwhile had scoured ft. where the channel was 570 ft. wide. That the 
water near the angle the levee was being cut deeply was shown trees 
ft. tall drooping vertically the river bank was cut beneath them. 

seems possible that the capricious development some sort traveling 
whirl, somewhat like this, although less obvious, may have been the cause the 
caving banks and the threatened crevasses Stanton and Tunica, giving 
abnormally high concentration current against the deep shore. 

the laboratory would possible create and study such motions and 
probably learn how prevent them. feature special interest the 
possibility their attack shore; another interesting fact that 
straight channel uniform width presents less chance for their formation. 


STRAIGHTENING THE Rio GRANDE 


Another important case straight versus crooked rivers presented 
the Rio Grande along part the International Boundary some distance 
eastward from Paso, Tex. The Director the Reclamation Service 
has recently submitted report recommending that this laid out and main- 
tained straight course, and, although this defies tradition, the speaker 
strongly inclined believe the true solution, although has not studied 
the problem the ground. One the engineers charge this work has 
stated that the saving upkeep cutting out one the big bends the 
river this point would more than equal the cost this proposed laboratory. 

There has been trouble recently near Paso from cut-off; nevertheless, 
the speaker was told that the straightening the river promises well. 


STRAIGHTENING THE AND ATCHAFALAYA RIVERS 


proving that one must not generalize too fast and too far that cutting 
off bends and straightening river leads always trouble, the speaker 
told that along the Red and Atchafalaya Rivers, below the channel which 
partly connects them the Mississippi 200 miles stream from New Orleans, 
evidence appears accumulating since the removal obstructing “rafts,” 
that even river that large volume, flowing through much the same kind 
alluvium that forms the bed and banks the Mississippi, the cutting out 
big loops has resulted improvement. 

the Red River the speaker informed that several cut-offs have been 
made, mostly near Shreveport, La., and that the bed has lowered ft. 
since the raft was taken out, also that both low water and high water elevations 
have been lowered ft. 
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The river has been shortened from 508 450 miles since the surveys 
1886-90. Where the change length and location has been the least, the 
depths are said the least. 

The speaker has been told that here for many miles the Atchafalaya flows 
deeper, narrower, and straighter course than years ago, and 
flood height much lower for the same number cubic feet per second, due 
the more direct discharge, that the annual flooding the land along its 
borders prevented with greater certainty this lowering the flood-plain 
than could dikes levees. 

Can any one yet absolutely certain that one the most economical 
and certain ways protect the lower 300 miles the Mississippi from flood 
would not removing the sill that the engineers have built across the 
Atchafalaya outlet, and letting Nature take its course, thus providing the 
flood waters the Mississippi short cut about half this present distance 
300 miles the Gulf? Probably this would opposed violently resi- 
dents along the Atchafalaya, the expectation that would increase the flood 
dangers along their own river, and the speaker far from recommending it. 


preventing cut-offs, one can doubt that cut-offs across bends have 
most cases caused lot trouble, and that the shortened course, greater 
slope, and higher velocity has started new caving banks, with all attendant 
disasters, and has upset the regimen for perhaps miles along the river. 

Proofs such trouble have been all too abundant the years since 
the Mississippi River Commission was organized, and would seem that the 
Commissioners and the engineers have not wavered from the original thesis, 
that cut-offs should prevented. Nevertheless, not impossible that there 
are places where systematic cut-offs could beneficial lowering the flood- 
plain. Nearly all troubles hark back the caving bank and its feeding the 
current with sand, silt, and snags, soon deposited the bars, and which 
the engineers then have lot trouble digging out. cut-off this 
crooked river shortening the distance increases the slope which increases 
the velocity and gives the current new twists against the bank, and increased 
cutting and caving banks ensues. The recorded discussions Captain 
Eads, Professor Haupt, and others indicate that many these difficult prob- 
lems, perhaps, the old story, conclusions have sometimes been 
before finding opportunity study both sides and all the edges the shield. 

Most engineers who have studied these matters will admit, with Capt. Eads, 
that, with straight river and with means holding straight, would give 
less trouble than present. 

not too soon admit that means holding it, that will cheaper 
than the continuous revetment, “can never 

As, the course time, the river naturally changes its meander back 
and forth, takes many positions, why might not possible 20-year 
program coax it, some new form spur, gradually take straighter 
alignment? And why not content wait for years more have 
waited for years past, for the great revival navigation, and meanwhile 
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help the river into shorter course that would cause dig itself into 
deeper bed, that would carry the flood without overflowing the banks. 

other words, with the aid the laboratory and the model channel let 
look again into some these questions straight versus crooked rivers, 
recognizing that some new, cheap, effective form spur-dike must devised 
sufficient endurance and strength withstand these deep strong currents. 

The failure the proposed laboratory point the way success, would 
far less costly than either several experiments the field which have 
been unsuccessful, and there would still much useful work for other 
fields. 
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DISCUSSION THE RIVER AND HARBOR PROBLEMS 
THE LOWER MISSISSIPPI 


and Grunsky. 


Freeman’s exhaustive plea for National hydraulic laboratory, except 
endorse toto; and that the main object this Mr. Freeman 
has shown clearly the pressing need for such agency investigation, and 
that there other National agency likely serve this purpose mod- 
erate cost, within reasonable time, all. The writer not only has been 
aware the urgent needs this respect for many years but, for want such 
resource, has been compelled construct outdoor laboratories, several 
occasions, for the purpose making investigations river hydraulics. 

About years ago, when the writer was professor the University 
Minnesota, recommended the University authorities that the power 
the lower dam site near Fort Snelling, the Mississippi River, devel- 
oped and extensive hydraulic laboratory established appendage 
the water-power development. certain that would have benefited the 
University, and that the postponement this question until there 
present not much opportunity get share the power, establish com- 
prehensive hydraulic laboratory, was mistake. 

The writer was born Hannibal, Mo., the west bank the Mississippi 
River, where, boy, saw the river flood many times. several occa- 
sions, the Sny Bottoms, the opposite side the river, were flooded and 
many crops lost breaks the levee. one time, there was crevasse 
300 400 ft. wide. remembered that one his neighbors lost all his 
crop, consisting several thousand bushels fine wheat, that overflow. 
This was more than 100 miles north St. Louis, Mo., far beyond any possible 
effect from the Missouri River, which empties into the Mississippi below 
Hannibal, near Alton, Ill. Damages the upper river are insignificant 
comparison with the vast havoc below. 

The writer also familiar with the Missouri from its source its mouth. 
The river begins the junction three rivers near Helena, Mont. These 
rivers and the main river are comparatively clear their upper reaches, and 
are torrential places. Their main burden there composed gravel and 
heavy stones, which, times, can seen and heard rolling along near the 
bottom. There comparatively little mud and fine silt. However, after 
tumbling over Great Falls, and getting out into the plains Montana and 
Dakota, the Missouri becomes truly the Big Muddy. This due caving 
the banks, and the fertile soils the margin lands that are eroded rapidly. 


Engr., Philadelphia, Pa. 
Received the Secretary, April 17, 1923. 
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All such eroded destined ultimately reach the sea; lost for 
purposes agriculture. the writer’s opinion, all this erosion can stopped. 
One the best. ways test any proposed method for such purpose with 
model, under carefully planned laboratory conditions. 

give some evidence that laboratory tests models can lead accurate 
conclusions what will happen full-sized rivers, the writer will relate 
briefly some results from one his outdoor hydraulic laboratories. One 
the problems was construct, within days, temporary dam across the 
South Sault Channel the St. Lawrence River. was weir-dam, 
times spill the crest. The channel was more than 
wide, nearly ft. deep the middle, and from ft. deep near the sides. 
The current was strong and rapid, having maximum velocity about 
ft. per sec. The plan proposed was drop large stones line across 
the channel from the sides scows held place cable and anchor above, 
continuing the process until the dam was raised the proper elevation. 
Although this was difficult and unusual work, thought 
many not promise success, the problem was solved satisfactorily with model 
the channel the vicinity the dam site. One the main questions 
answered the model, for example, was the correct minimum size 
stones that would lie place after being dropped into this swift.water. 
diameter would lie place line the model when proper model conditions 
were established. From this, was concluded that actual stones, ft. 
diameter, would lie place the river channel, because, for scale 
100, in. represents ft., approximately. Accordingly, stones this and 
larger sizes were purchased, and the dam was constructed planned. 

show that the model indicated may mentioned that the 
superintendent construction, being impatient start work and having 
large stone hand, constructed about ft. the north end the dam with 
smaller stones—most them less than ft. diameter—taken from neighbor- 
ing field. During subsequent rise of. the river, after the dam was nearly 
complete, this section under-sized stones was washed out. The success 
the method this case depended. the fact that the river bed was firm 
hardpan, not likely cut undermine the large stones. 

addition the problem just described, the larger one relieving ice 
conditions was solved, that power plant which was practically shut down 
winter now capable developing 50000 60000 The use the 
laboratory model assisted ascertaining the proper dimensions the works, 
give the writer’s invention sufficient capacity carry the ice away 
that opportunity was afforded for jam form, obstruct the water- 
way, and cut off the supply water for the power plant. 

One use for laboratory, that should strongly emphasized, the 
tion the physical laws which correct interpretations may placed 
the indications models, obtain correct quantitative conclusions 
the action the full-sized river. Many such laws are now known 


ers, 
Mr. 
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organization the National laboratory prove these laws 
publish the information such manner establish, introduce 
cast, this valuable method solving engineering problems. self-evident 
that the action model must far more conclusive than mere engincering 
drawing, the latter being more the product the artist than the result 
engineering investigation. difficult admit that there any othe 
way attacking effectively some the problems flowing water than the 


use model. Only certain ideal cases flow can handled mathe 
matically; actual cases have been solved only experiments models, and 


remarkable how few engineers know the laws that have been established 
relation models. many, not most, the tests models, the 
menter has been ignorant the laws and has proceeded with his tests his 
own way, frequently find that must repeat them with correct proportions 


before can obtain exact results. One the most valuable functions the 


proposed laboratory will stop all this misdirected effort, and remove the 
necessity for each engineer study his model before can study his problem 
means his model. 

There are many problems the sea, some them becoming urgent, which 
await solution the laboratory. serious condition exists near Barnegat 


City, for example, the south cape Barnegat Inlet, where the famous 


lighthouse now threatened with destruction the encroaching sea. house 


has been washed away, and the sea now the very base the light. The 
explanation this may inferred from the following quotation “Barnegat 


Inlet has been moving slowly southward for many years.” Besides this 
stated the “Coast Pilot” that the entrance channel unstable and that the 
buoys cannot always depended mark the best water. Observations 


show that large quantities material may cut away from many miles 


beach along the New Jersey shore single night high spring tide with 
heavy sea. Cuts ft. frequently take place within few hours along 


the whole shore. The material may shifted back gradually within the next 


few days, nearly so, but there doubt that slow progressive change 
taking place along the entire coast this vicinity, and that, before many 
years, the problem protection will become acute that will require urgent 
attention. doubt many the attendant problems could solved most 
profitably such laboratory that proposed Mr. Freeman. may 
even possible develop feasible means for stopping such progressive 
ment that Barnegat Inlet. 


Looking ice jam, the immense deposition material the mouth 
the Mississippi, the movement the opening large bay like that 


the inlet Barnegat Bay, one appalled the magnitude the problems, 


and apt conclude that process, such ice jam, stupendous that 
nothing can stop it. The truth that the process gradual until the 
breaking strain reached. The calamity can prevented setting another 


“United States Coast Atlantic Coast, 1916 edition, 55. 
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gradual process counter effect operation, that will relieve stress and strain 
fast tends pile up, that calamity can occur. If, for example, 
improvements which seem entirely feasible were made the Missouri and 
Mississippi Rivers, the sedimentation could reduced such extent that 
further appreciable building the Mississippi Delta could take place. 
The results such improvement might succession valuable water 
powers along the two rivers, the reclamation swamp lands along the lower 
river, and the conservation fertile soils the upper rivers, especially the 
Upper Missouri. the whole scheme planned with view flood digestion, 
against flood prevention—that is, plan for flood handling avoid 
undue sedimentation—the flood danger would also eliminated. such 
problems are among the greatest all engineering and economic problems 
that will ever raised, certain that the trifling cost National 
laboratory, even should several times the estimated cost 
the one proposed, would well justified the foundation agency 
study them. 

Although there can doubt that the main object the laboratory 
should the study the larger problems hydraulics connected with the 
training great rivers, equally certain that should amply equipped 
for the smaller studies hydraulics. This laboratory should the center 
hydraulic learning, the National center, where the leading men hydraulic 
science would naturally solve their problems and publish their results. 
The custodian, director, the laboratory should free exercise inde- 
pendent thought and action, and not dependent other departments that 
would feel the least trammeled, when making his reports, for fear that 
might come into conflict with fixed opinions and set customs nature 
obnoxious scientific progress. problem can solved stay com- 
pletely solved for all time. Sooner later, knowledge will advance point 
where the inaccuracy, insufficiency, the former solution will become 
apparent. Science has its fashions. Hence, will not all surprising 
new methods for improving large rivers like the Mississippi should develop 
any time; why not soon, National hydraulic laboratory, such that now 
proposed 

One feature such proposed laboratory, which deserves special attention 
from the very beginning, refers inventions. seems altogether too 
prevalent for large corporations, powerful employers, foundations one sort 
another, and some the professions, take advantage inventors. When 
real inventor work, his last thought for himself. concentrates 
his time and scientific thought study and investigation concerning his 
invention. While thus engaged, possibly very important work, his 
employer, some attorney employer, may keeping himself busy 
see how the patentee, inventor, can divested his rights, perhaps even 
before the invention complete. Not only this, but becoming the fashion 
corporations and even some professions throw out propaganda one sort 
another which prejudicial nature invention and The 


4q 
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last profession obstruct the progress invention this manner should 
that the engineer and engineering institutions. This whole matter should 
form part the organization the proposed laboratory accord proper 
protection the inventor during the progress his work, and, the com- 
pletion his invention, should have his rights defined proper authority. 
Every reasonable inducement should held out inventors perfect their 
inventions. 

Mr. Freeman wants train rivers carry their burdens sediment 
the sea with despatch, but the writer would train them not pick any 
‘sediment. are two conflicting principles, either one which 
will accomplish certain, results. right here where there diversity 
opinion and possibility that efficient laboratory would come 
majority cases, could settle, short time, questions relative two 
more possible methods attacking problems.. might thus advance 
months, even years, the time when actual work could begin important 
National projects where there might great diversity opinion. 


Harpy Cross,* Am. Soc. (by Freeman once told the 
writer that hoped conduct certain investigation part payment his 
debt. the great had gone before. advocacy of.a National 
hydraulic laboratory surely such service, both the profession and the 
nation. has cogently summarized the arguments for such laboratory, 
and little left said those who favor the movement which Senator 
Ransdell has had the clear vision sponsor. 

writer has heard the following arguments stated skeptics: The 
problems involved were said too intricate for laboratory investigation, and 
the conditions the laboratory differ too widely; undoubtedly the director 
such experiments must man clear vision, with rare combination 
theoretical foundation and practical perspective, for much laboratory work 
worse than useless, because the theory half-baked, some elements the 
practical problem being omitted, and the proportions others distorted. But 
nothing, perhaps, obviously impractical the establish 
natural laws field experiments fluvial phenomena: Many the 
fundamental data cannot determined the field; is, for example, nearly 
impossible study the average elevation the stream bed the flood stage, 
the rise fall thé may due conditions single bar. Also, 
the application the method limits the allow- 
able variable factors. 

Mr. Freeman has shown how use the practical case check conclu- 
sions and for determining homologous proportions. Experiments 
made ‘abroad show clearly the practical value experiments 
rivers. 

probably that collecting the data and opinions—chiefly the 
latter—and then the standardization terms and the establishment 


Prof., Structural Eng., Univ. Urbana,. 
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tative units. present, the average engineer cannot properly collect field 
data, for has definite terms describe the phenomena units which 
measure them. show circle and mark “eddy” “big whirl”, 
the sediment “sand” “fine sand” “mud”, but much more 
exact terms are needed. The classical argument between Eads and Abbot 
the sediment saturation the Mississippi example the effect 
chaotic nomenclature this field; and the situation has not greatly improved 
since their time. 

The writer recently had the pleasure discussing some the problems 
sedimentation with Professor Trowbridge, the University Iowa, 
who making for the Geological Survey study sedimentation the 
mouths the Mississippi, and was impressed the close connection the 
fundamental problems with those molecular physics. Mr. Freeman right 
claiming that this connection can best made laboratory. Geologists 
and engineers especially have failed correlate their data, and the estab- 
lishment National laboratory would certainly facilitate such correlation. 

Undoubtedly, the most immediate and tangible value such laboratory 
would qualitative. Hypotheses would suggest themselves, and these would 
lead more intelligent collection field data and more rational study 
those already collected. Out all the welter opinions and dogmas, 
the writer has been able find one which has not been debated 
eminent authorities. Evidence the discouraging uncertainty funda- 
mentals found the recurring controversy the effect spillway near 
New Orleans. 

This laboratory will value not only the States the lower valley, 
but almost every State, for each has its own flood problem, and probable 
that the aggregate capital threatened floods greater outside the States 
the lower valley. The cut-off problem important and other 
States where river improvements are being made dredging. Engineers owe 
the the duty advising the effect, flood levels down stream, 
this dumping flood waters, but data from which compute these effects 
are lacking. 

seems very desirable that the river flume should permit the inclu- 
sion the effects flood-plain flow and storage, and tributaries. The 
writer has given much thought such layout, and has arrived the tenta- 
tive decision that the best model channel formed box filled with the 
material investigated homologous substitute, the box being approx- 
imately square and the channel winding around near the periphery and dis- 
charging near the point origin. flood-plain could then formed the 
inner side the channel, and tributary, fed from auxiliary weir supply- 
ing the main stream, could made join the main channel along this inner 
bank. This would provide great flexibility for the experiments. Such mean- 
ders the Greenville Bends could reproduced, chutes, islands, 
sions could modeled, delta flow studied, cut-offs conveniently effected, and 
the shifting the thalweg with the stage investigated large seale. 
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return channel would also make possible duplicate vary slightly 
two more points, the reach studied, however crooked might be, and 
thus, during given run, check control observations could secured. This 
type also presents advantages compactness and probably economy time 
for the observers. The central area could made readily accessible. 

Such design also well adapted studies rates travel the flood 
wave and the effect thereon curve radius and total curvature. For the 
study estuary problems, also seems well suited. Slope could 
secured grading the floor and adjusting the depth fill, and the 
tion the height the weirs entrance and discharge would cause the 
stream finally grade its own bed. Any river experiment almost necessarily 
starts with the stream approximately stable regimen for given 

The writer’s idea that the weir flume should independent of, but under 
the same roof with, the river flume, for believes that the latter would 
continuous use when once established. This need not preclude the cen- 
tralization pumping and measuring apparatus. The writer’s plan, 
fore, differs from that the author separating the weir flume and 
making the river flume square instead rectangular. placing auxiliary 
stilling basins the corners, three straight runs could secured, affording 
check, these could have variations slope hydraulic radius. This would 
provide shorter straight run, but much longer sinuous channel for the same 
area tank. Most this tank would consist merely impermeable floor 
resting directly the ground, the pits for tanks, measuring apparatus, and 
pumps being entirely one end. order reduce the first cost min- 
imum, the writer would not provide tilting flume, not essential, 
although evidently desirable and could added later. 

Mr. Freeman’s remarks the study bridges are great interest. The 
design river crossings, distinguished from the structural design 
bridges, has received little attention American literature. Many low-level 
bridges are being built too long, one only knew how make them shorter; 
and river laboratory should help remove that absurd “if”. Engineers need 
know the limiting depths scour, more about scour around piers, and 
methods pier protection, the pressure due permeable rafts drift— 
sometimes enormous size Western rivers—lodging piers, the back- 
water from river crossings, and more relating the eddies that undercut 
embankments. The maximum velocity for given flow through bridge 
opening cannot estimated accurately until the constriction due eddies 
studied. excellent example this cited the author. The size and 
velocity translation and rotation these eddies, their scouring effect, and 
the whole history eddies and boils should investigated. 

Studies the change thalweg between low and high water are espe 
cially needed, well the effect bridge openings “drawing” the thalweg. 
Many supposedly square crossings are skewed the flood current. The Indian 
engineers, Mr. Freeman points out, have done some excellent work along 
these lines, but the results are not usually available engineers America, 
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only few libraries are supplied with the technical publications the Gov- 
ernment India.* 

The prospective value this laboratory irrigation and drainage, bridge 
and railway engineering, power development, and flood protection, justi- 
fies cordial support for its establishment. 


Ese. (by writer was amazed when 
heard Mr. Freeman, the course address before the District Columbia 
Section the Society, some months ago, make statement the effect that 
the only scientific laws available relating river flow and flood control were 
those developed section small river France about 100 years ago, 
supplemented the work Capt. Humphreys and Lieut. Abbot the 
Mississippi more than years ago. Considering the great havoc obtaining 
that time along the Mississippi and other rivers the United States from 
flood waters, this statement made such impression the writer that 
gave careful consideration for some days. 

the meantime, having made some investigation what was being done, 
learned that several hundreds millions dollars had been spent 
endeavor control the Mississippi and hundreds millions more would 
required before adequate protection had been assured. Furthermore, 
developed that there was unanimity opinion among the best informed 
engineers the wisdom the means being used. also developed that 
conditions and circumstances like those obtaining along the Mississippi existed 
along other rivers the United States. 

Moreover, the writer became convinced that one the most pressing prob- 
lems confronting the American people was that study river 
flow and flood control. These studies are important, not only from scientific, 
but from economic and social points view. one asks why this true, 
the question readily answered. 

the first place, the Federal Government and the several States are 
spending approximately $116 000 000 annually such work. Yet stated 
that the basis for such expenditures wholly inadequate. 

Secondly, almost every spring, large acreages are flooded, resulting great 
loss property and life, and much personal hardship. 

Thirdly, the United States, for some years, has suffered from inadequate 
transportation facilities and from high charges for the transport goods. 
paramount importance, from both social and economic standpoints, 
develop waterways for transportation purposes. entirely probable that 
such laboratory that proposed Mr. Freeman would contribute materially 
such desirable end. 

the light the foregoing considerations, Senator Ransdell was 
approached because his known interest waterways general and the 
Mississippi River particular. was found that had studied the problem 


tio This work reviewed part William Lumisden Strange his Irriga- 
Roads and Buildings, and the Water Supply Towns” (Lond.), George Routledge 
ons, Ltd., 
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neers 
rather actively for years. When was informed Mr. Freeman’s 
regarding the need for National hydraulic laboratory, he. 
and sought interview with him. This resulted Joint 
being introduced the Senate providing for such laboratory. 
Committee the Senate, with Senator Ransdell Chairman, was flo 
handle the bill. The Committee held two hearings before which 
eminent engineers testified. Mr. Freeman presented exhaustive and Upper 
able argument favor such laboratory. The Sub-Committee and the 
Committee Commerce the United States Senate, turn, reported the 
bill favorably. Therefore, will automatically find place the 
when the Senate convenes December, 1923. 
not incumbent the writer set forth arguments for this bill, 
nor list the projects that may undertaken the laboratory when 
established. These matters have been ably covered the hearings and the 
several utterances Mr. Freeman. The writer desires state that believes 
this much needed piece legislation, the interest science and the 
and social welfare the nation. Furthermore, the Federated Amer- 
ican Engineering Societies has supported, and will continue 
actively, the movement for the establishment National hydraulic laboratory. 
hoped that the engineers the United States will recognize the need for 
and utility such laboratory and will use their influence with their respec- 
tive Congressmen and Senators the end that may soon become reality. advan 
Senator Ransdell and Mr, Freeman much credit due for their vision 
and active leadership bringing this matter forward, and for the favorable 
position in. project deserving the active support the floods 
people and particularly engineers who can evaluate its potentialities. 
had any experience with land reclamation, flood control, shore protection 
will endorse Mr. Freeman’s plea for National hydraulic laboratory. National 
legislators will realize the importance and value this work when they are 
convineed that such laboratory experiments are not merely academic value 
the Engineering Profession, but will the means saving hundreds 
thousands dollars the people the river valleys, well the States 
and the Federal Government. tories 
The problem river regulation depends the end view. The 
cedure for aiding navigation not necessarily the same that for land 
reclamation and flood control. Successful practice one locality has 
proved successful elsewhere. National hydraulic laboratory would show 
why. laboratory observation may give negative result, but the result 
constructive experiment. negative result full-sized attempt the field 
costly and dismal failure. 
connection with work land drainage districts, the writer has studied 
the available data and theories for channel improvements, and has 
impressed two things: (a) The wide divergence opinions among 


Pres., Randolph-Perkins Co., Chicago, 
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neers the subject; and (b) the meager data available which opinions can 
based. 

The need for fundamental data was obvious that, lieu anything 
better, the writer arranged small adjustable flume and undertook series 
experiments determine the hydraulic laws the variation the time 
flood-wave movement with change slope. These experiments were made 
the fall 1922, and were the subject paper entitled, “The Effect 
Upper Channel Improvements Down-Stream Flood Heights”, presented 
the writer before the Western Society Engineers, January 1923. 

Regardless any specific value these experiments (which were limited 
means and the short time available practicing engineer), 
they did demonstrate the great need for and importance conducting such 
hydraulic experiments comprehensive scale. 

Experiments relating the time travel flood waves would increase 
the facilities the Weather Bureau its valuable work forecasting 
river stages and flood peaks. 

The writer would commend the constructive idea Mr. Freeman, that 
National hydraulic laboratory might demonstrate the feasibility methods 


river regulation other than continuing increase flood heights and raising 
the levees. 


advanced Mr. Freeman for the establishment National hydraulic 
laboratory should receive the earnest consideration all engineers and 
particular interest those engaged hydraulic studies. reference 
floods and flood prevention, one cannot help being impressed the discussion 
Eakin, Esq., that time Geologist the Geological Survey, 
which the necessity studying many different branches 
science attempting solve the problems stream control. 

The school laboratories have done much, but they are too small. There 
need facilities, supported larger endowment, and directed men 
extensive experience, who will attracted aid solving these abstruse 
problems and learn the laws which control the behavior streams under dif- 
ferent conditions. Mr. Freeman has well pointed out, some European 
Governments are far advance the establishment large research labora- 
tories under National jurisdiction; and may well considered whether this 
does not explain their much more complete use water flowing streams, 
and with this utilization greater development stream regulation, that 
devastating torrents are applied Man’s useful work. 

When one thinks the relatively small sum money ‘required establish 
and maintain such laboratory, one wonders why there should any opposi- 
Surely past experience with waterway improvement the United States 
demands that Americans, people interested scientific knowledge 
basis all efforts, shall insist acquiring all information possible before 


*Cons. Engr.; Pres., Morris Knowles, Inc., Pittsburgh, Pa. 
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expending such vast sums money. hoped that opposition not 
based fear that the knowledge acquired may upset some pet theories, 
long held. 

Even granted that such laboratory develops new facts 
methods, certainly will cost only small proportion the vast National 
sums expended, order prove what fallacious and what good, and thus 
end the almost continuous discussion whether certain methods now being 
followed are right. would worth while, even for this purpose, for 
other. experience Europe signifies anything, that engineers have 
much learn about the behavior rivers, that the natural sciences have 
much give, and that careful, accurate, scientific study needed order 
determine the laws which appropriations for important public works should 
predicated. 

The writer glad state that the people the Pittsburgh region the 
Ohio Valley, which part the great Mississippi Basin, welcome investiga- 
tion and the acquirement knowledge. this manner suitable National 
policy may developed, which will ultimately save monies promoting wise 
expenditures. Members the Society could perform greater service than 
make apparent, their Senators and Representatives Congress, that 
engineers, scientific men, believe that investigation and experiment, 
develop the scientific laws governing stream flow, will result important 
contribution the advancement the art river regulation and ultimately 
indicate the manner which the public monies should spent for control 
works. 


add little Mr. Freeman’s very complete presentation. Most engineers agree 
that the great difficulty found river hydraulics that the channels cannot 
straight. They perhaps are not well agreed the reason. 

long straight reach symmetrical and uniform section, the velocities 
the flowing water arrange themselves progression from slowest the 
bottom and sides the channel swiftest near the surface the center. 
Bernoulli’s theorem teaches that moving fluid where velocity least, pres- 
sure greatest, and that pressure head and velocity head are interchangeable. 
Experiment has demonstrated the correctness this proposition when applied 
the different layers water flowing pipe. follows, therefore, that 
particle suspended matter such reach that predicated, order 
travel from higher lower level, must against increasing 
pressure. 

has been learned from laboratory investigation that, whenever water 
passes around bend, whether pipe open channel, there disturb- 
ance and re-arrangement the velocities the verticals the flowing stream, 
and throughout part its cross-section the velocities the lower half are 
accelerated and those the upper half retarded, that there nearly 
form velocity throughout each vertical and, consequently, uniform pressure 


Cons. Engr., Ann Arbor, Mich, 
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from top bottom. The particle suspended matter longer has over- 
come inereasing pressure descends, but finds its deposition made 
easy. Consequently, suspended matter deposited throughout part the 
stream every turn. like phenomenon takes place stream passes into 
contraction, and—what more interesting and until comparatively recently 
unsuspected—a similar equalization velocity the vertical takes place 
after passing through expansion. 

Why does not the head rapid erode its bed? Some will answer that 
does; but the rapids Sault Ste. Marie and the St. Lawrence River, 
although they flow over only moderately hard clay, not seem have 
their beds appreciably within historic times. those channels, the 
from top bottom are nearly uniform the swiftest parts, and the 
pressure required lift material from the bottom lacking. For the same 
reason, bar tends move stream. 

Here, then, are the fundamentals normal scour and deposition. The 
straight-moving stream tends take and carry suspension particles 
from its bed and banks, irrespective the scour caused eddies and oblique 
currents, the pressure the saturated material its border 
greater than the layer flowing water adjacent it, and the pressure 
that layer greater than the one next above it, that the particles 
are lifted upward the pressure beneath. Near the bounding surfaces the 
velocities and pressures change rapidly, but, approaching the top and center 
the stream, the change from layer layer much less, that, such 
stream, there continual contribution suspended matter from the bed 
and banks the swifter and more uniformly moving water mid-stream. 
Moreover, the mean velocity increased, the change pressure from 
layer layer increases, and vice versa, that more material picked 
swiftly flowing current, and more deposited from slow one. 

When, however, curve, contraction, expansion, passed, all this 
changed, and the stream deposits part its burden irrespective 
change average velocity. 

Thus far, the path fairly clear, but now becomes necessary take 
local the flowing stream, such eddies, rapids, 
wind, and effects, and character border material. 

These conditions rapidly take the investigator beyond the reach simple 
theory complex mathematical analysis, and require for the solution the 
problem accurate and controlled experimentation. Such experimentation can 
carried out only especially constructed laboratory, only there can 
the influence the various factors controlled, studied separately, and their 
true effects established. great progress can expected, unless the 
accident, experimentation the field without laboratory accom- 
paniment, and, view the large interests involved, seems strange that 
laboratory for the study river hydraulics was not established long ago. 


Missouri the writer’s opinion that this method river-current 
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control has not yet been developed its fullest extent, and that its 
are much greater than have yet been established. Experience will helpful 
determining the proper location retards such are constructed 
Brothers, and there more kept mind than the protection lands 
that are being washed away, because, stream such the Missouri, 
shifting current change direction current can cause little 
elsewhere, and this one the problems that must considered work 
this kind. 

The writer believes can stated truthfully that the experiences the 
Chicago, Burlington and Quincy Railroad, from and 
standpoint, are far excess the most sanguine hopes. sure, the early 
stages this work were experiments, but, experience gained, more effective 
work may expected. 


Joun Am. Soc. realization the basic ideas that 


are advanced Mr. Freeman’s paper would certainly greatly 


accomplishment. The speaker sure that all practical engineers will concede 
this true. 


Numerous advantages may recalled that have followed from similar 
policies other departments the Federal Government, such 


and Agriculture, which some the most important discoveries and 
advances those activities have been developed experimenting practically 


large scale. 


The civil engineer man science, has been remarked previously, 
but addition must pre-eminently man common sense, and 


always confronted with the problem doing the best can under 
stances that are far from ideal. Rarely does find things arranged for his 


convenience especially adapted making his path smooth. The 
ties getting public appropriations even for carrying effectively the 


numerous departments and bureaus government that already exist 
known, and many have come contact with the almost insurmountable 
obstacles getting started anything new the great administrative machine. 


Whether Mr. Freeman’s ideas are ultimately realized not, there will 
tably considerable period time during which engineers will have 


get along with what they have, and the speaker would refer phase the 


subject suggested some degree contact during the last two three 


with what going the great educational institutions that 


tial for solving some these problems. college engineering 
ments have not only large and expensive plants but, what more important, 
they have large collection youthful minds engaged the acquisition 


knowledge and experience and possessed that keen curiosity which lends 


enthusiasm investigating all unanswered questions. 


The special local conditions the St. Lawrence River, which arise 
from the heavy ice formations, have been mentioned, Similarly, some special 
local condition will found almost everywhere, which best studied the 


*Col., Cleveland, Ohio. 
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ground that particular locality. Therefore, the speaker would suggest that 
pending the complete realization some such plan that advanced 
Mr. Freeman, consideration given more effective utilization, this end, 
the facilities that now exist, some systematic allotment distribu- 
tion the problems that call for solution among the engineering laboratories 
already scattered widely over the country, with prompt co-ordination and 
concise report results. 

The reference measures prevent the encroachment the Atlantic 
Ocean upon the Barnegat Lighthouse the east coast New Jersey, 
connection with some early personal experiences solving this prob- 


the 


early lem, recalls mind the old saying about the danger defeating new enter- 

ffective prise the over-enthusiasm its own friends. There are certain limits 
laboratory experiments when dealing with great natural that must 

desired National engineering laboratory himself. 

concede Am. Soc. E.—The speaker thinks the necessity 

hydraulic laboratory large seale has been well established Mr. Freeman 

similar paper. The desirability program such has outlined 
recognized. Whether laboratory experiments will solve the problems the 
ies and lighthouse the Mississippi River, has bearing the question. There 

other problems that should studied the laboratory, and the larger 
the scale which laboratory, proposed, built the better. beyond 

the reach the individual university. The nation should provide the means 

nearly for making large scale hydraulic experiments. 

Engr. (C. Grunsky Co.), San Francisco, Calif. 
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ELASTIC STRESSES THE ROCK SURROUNDING 
PRESSURE TUNNELS 


Discussion* 


important question design and one that needs studied order 
that construction may made not only safe, but economical. Several years 
ago, connection with proposed plant, the writer considered 
the problem discussed this paper. arrangement similar Fig. was 
contemplated, consisting well-drained porous concrete with steel skin 
placed inside. The maximum head was 2000 ft., which equivalent 
pressure 868 per sq. in. The steel skin was serve merely water- 
tight barrier, and its strength did not enter into the consideration. The 
principal question was determine whether not the skin was 
elastic permit the extension which the yielding the concrete and the 
rock would produce, without developing dangerously high stress it. 

The recent experience European engineers with unlined tunnels which 
during the World War were resorted account the high price 
steel and the uncertainty delivery, has demonstrated that such tunnels are 
not safe for heads 300 ft., and most engineers would probably hesitate 
use unlined tunnels for heads more than 150 ft. 

The writer does not understand why the usual formulas developed for 
thick cylinders not fit this case. formulas are derived the 
assumption that the longitudinal stress constant throughout the section, 
and, when the external radius becomes infinite, the longitudinal deformation 
becomes zero, the author assumes Equation Also, Equation (18){ 
the fundamental expression from which the stresses are derived integra- 
tion. For zero external pressure, Bach** gives the following formulas for the 
stresses ft. from the center. Using the author’s nomenclature: 


a 


This discussion (of the paper Charies Dunn, Assoc. Am, Soc. 
April, 1923, Proceedings, but not presented any meeting the Society), 
Proceedings order that the views expressed may brought before all members. 


Cons. Engr., Fresno, Calif. 
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Proceedings, Am. E., April, 1923, 670. 
Loc. cit., 663. 


Papers. 


whic 


ratio, 
deform: 
elast 

If, 
the tun 
tion 
lb. per 
the rad 


the 


lb. per 
Eve 


been 


and 
more 
seem 
the 
stress 
tance 

the dis 
there 
compre 


> 
center, 
? 
a 
a m va m a. %% 


Papers.] DISCUSSION STRESSES ROCK SURROUNDING TUNNELS 1265 


which tension positive and compression negative, Poisson’s 
ratio, and the water pressure. These are the true stresses, that the true 
deformations are obtained multiplying these stresses the modulus 
elasticity. the outside external radius, becomes infinite, zero, 
should be. 

If, Equation (27) the tangential stress the inside 
the tunnel, the elongation per unit length, and the elonga- 

per sq. and per sq. in., and the change 

years the radius 0.003 in., whereas Equation (27) gives 0.00325 in. The stress 

the steel skin would 1.25 1250 Ib. per sq. in., for 000 000 

c 

skin per sq. in. 

toa first-class rock, the material nearest the tunnel likely have 

been deformed account the removal the stress existing previously, 

The and seems reasonable assume that this rock mass will deform yield 

iciently more pressure than the material had not been disturbed. would 

the seem safer, therefore, order not under-estimate the elongation which 

the steel skin will subjected, assume arbitrarily zone tangential 

which stress tunnel. This zone should assumed extending dis- 

rice tance of, say, from the center the tunnel. 

are this zone tangential stress, the pressure would vary inversely 

itate the distance from the center the tunnel, and may assumed that 
there lateral constraint, that the rock will deform subject 

for compression one direction and free expand the other directions. 

the this assumption (see Fig. 10), the rock compression, ft. from the 

center, and the deformation the ring (of thickness 

for the Integrated between the limits, and 

the deformation the radius, 

which the radius the steel 
lining. 

illustration, assume the con- 

dition shown Fig. 10. Allowing 

per sq. in. the steel lining, 

and computing the ordinary cylinder 


formula, the required thickness in. 
steel skin thin can handled 
economically placed fairly porous 
concrete, necessary determine the 
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stress the steel lining due the yielding the rock, the assumption 
that the steel lining does not carry any part the stress. 

order form idea the forces and stresses involved, may 
noted that the water pressure acting the triangle, ABC, ft. long, 
720 000 the assumption that the water confined the tunnel, giving 
average shear intensity 36.8 lb. per sq. in. along the plane, BC, pro- 
vided other forces are acting. The weight the triangle, ABC, nearly 
1700000 with rock weighing 170 lb. per cu. ft. The horizontal plane, 
BC, not likely the plane which the stresses are the highest, but 
the demonstration just given sufficient show that the arrangement may 
considered, provided the rock fairly sound. assuming the stress 
distribution the same that thick cylinder, the elongation the 
radius, from Equation (27), found be: 

The tangential tension the rock the lining practically 1250 
per sq. in., and the tension the lining, therefore, 250 lb. per sq. in. 
the external radius assumed infinite, the deformation decreased 
the ratio, which negligible. 


TABLE 
square inch, square inch. square inch. 
558 50.2 4.9 
313 100 3.1 


evident that, this case, the rock will not withstand tension 
1250 per sq. in. The pressure point, due the weight the rock 
136 170 

144 
granite about 600 per sq. in., but hardly safe assume any tensile 
strength, especially near the tunnel; therefore, the maximum allowable tension 
should not exceed the 160 per sq. in. Point and would much 
considered extending distance where the tangential tension from 
Equation (27) found within safe limits, this would neglect the 
tension which actually exists, due decrease the compression, and, 
moreover, such zone can found this particular case. 

value for the increase the diameter the steel lining may found, 
follows: Neglecting the tensile strength the rock, the compression 


above only 160 Ib. per The tensile strength good 


the plane, BC, roughly proportional the height from any point the 
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surface. For points the plane, AC, the compression due the lateral 


stress, equals the vertical pressure. safe average, 0.5 
which, for gives 0.625 may taken. Then, for any 
nearly 170 
but The total tangential tension over AB, Fig. 11, where 
stress 

170 170 

in. This tangential tension brings about decrease the 
radial pressures. Fig. shows the relation between the 


Fig. 11. three stresses, from which follows: 


For approaching zero and using the value from Equation (32), 
The relation between and shown Table 


TABLE 


inch. 


good 

The stresses are plotted Fig. 12. 

tension For ft., The deformation, this case, 

much 


tension the steel lining then 17900 lb. per sq. in. This, the 
believes, fair conservative value for the tension the steel, under 


found, 
the 


= Tt, 
unds per 
inch. 
sion 
000 
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the circumstances, and the values obtained from Equation (27) are likely 
somewhat below the actual stresses. design such shown Fig. 10, 
therefore, should possible, even the rock only fairly good. With 
drain pipes, shown Fig. 9,* and properly connected, there should 
fair warning leaks develop the steel skin. Before using such design 
shown Fig. 10, the writer would determine roughly the deformation 
the steel skin, the assumption that the rock was fractured along the vertical 
plane, AC. 

The author deserves credit for having submitted his ideas pressure 
tunnels. Discussion cannot fail beneficial, and will lead eventually toa 


S, is the tangential tension in the rock, on the 
that this does not exceed 


Pounds per Square Inch 


Fic. 12. 


more rational understanding the phenomena involved and, therefore, 
more sensible designs, which would lower the cost without affecting adversely 
the safety the tunnel. 


gratulated for presenting another application the mathematical 
stresses civil engineering design. His demonstration the subject 
especially complimented because the clear description the 
tions made and the limitations imposed these assumptions. 


Proceedings, Am. April, 1923, 670. 
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mathematical development the subject may simplified, the writer will 
show shorter well more rigid method solving the problem, and 
also more general solution, the theory least work. 

Part the paper relates problem very similar Lame’s solution 
the apparent stresses thick The results, with changes the 
end conditions, are the same. Some simpler methods for obtaining the 
author’s results are follows. 

Considering the stresses acting unit volume (Fig. 2*), the longitudinal 
deformation equal to, 


assuming that the material isotropic, and, therefore, and are constant 
throughout the mass. Assuming, with the author, that there longitudinal 


Substituting Equations (1)* and (2),* found that 

This result can obtained directly, and more easily, from the assumption 
that the longitudinal stress zero; for this the case simple shear, with 
zero stress along one axis, and, therefore, the stresses along the other two 
axes are equal magnitude and opposite direction. The case simple 
shear also condition constant volume; the work done entirely 
deformation shape. 

Considering annulus, radii, and the internal pressure changes 

But, 


and, disregarding the infinitesimals the second order, Equation (37) 
becomes, 


or, 


When the circumference the tunnel, and, therefore, 


R,,, the author’s Equation very similar method was used 


Barlow his investigation the stress thick cylinders. 

Several points the paper show that the conditions, (the 
minus sign denotes that one stress compression and the other tension) and 
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satisfy the author’s equations. Fig. assumes that and 


az ar 


are equal and opposite the circumference the tunnel, for the length 
the arrow Area equal and opposite the first arrow Area Equa- 
tion (16)+ has value, but merely identity. The constant, comes 


from Equation (13)+ which shows that and, the tangential 
unit deformation, substituting for from Equation there results: 


which shows that Equation (16) expression for terms itself. 


a 
The author might have obtained the same result from his equations follows: 


Equations and (12)§: 
Equation (5)§: 
Equation 
Equating Equations (41) and (48): 
Substituting for from Equation (42), the result 
Equation may now solved 


Simplifying, 

and, therefore, 


evaluate note that becomes R,, known quantity, when 
becomes therefore, 
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Substituting Equation (48), 


which Equation 

The curves may now drawn for any chosen values and 

much easier method, which may also solved for the more general 
case with less detail, the application the principle least work. 
state one its forms: “For stable equilibrium, the potential energy 
any system must minimum.” The advantage this method comes from 
the fact that the potential energy equal the work done the external 
forces, and the effect the internal stresses may disregarded. 

solve the first case, pressure tunnel weightless rock (see Fig. 
the only external force acting the unit volume R,,. The deformation 


the length, and the work done the annulus, radius is: 


or, 
Integrating from infinity: 


The principle least work can expressed the requirement, 


Therefore, 


ax 


The differentiation under the integral sign allowable this case, 


aud converges for one value for example, 


solve this equation, the form the relation between R,, and must 
assumed. The probable forms are the power and the exponential; the 
former gives the simpler solution. Let 


Proceedings, Am. Soc. E., April, 1923, 667. 
generalization this method, including the effect the exterior weight, given 
detail Slocum and Hancock “Strength Chapter VII. 

Proceedings, Am. Soc. E., April, 1923, 663. 
See any advance work the theory the real variable, Whittaker and Watson, 
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and not infinite, the only possible value is—2. Therefore, 
The same result may obtained directly from the expression for the 
2) 2 
Fig 
mat 
The only possible value for the 
can shown that, the weight the rock taken into account, the 
proper form for That this true, without giving the stre 
mathematical details, can seen from the fact that the expression for the 
work done the mass now contains more than one term, but the only term 
involving the same the preceding case. Therefore, the value 
the same, and the value There are two constants because 
az ‘ 
there are two end conditions. 
alon 


face), zero. the vertical depth the pressure tunnel below the top, 
the depth the overburden, having density, and the angle which 
the direction under consideration makes with the vertical. 
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Substituting the surface condition: 


Substituting the other condition: 


which the general solution. 

unfortunate that the author has not elaborated the applications 
his formulas, and hoped that will his closing dis- 
cussion. might have much clearer have noted that Equations (17)* 


and (18)* are derived from the usual thin-tube formulas, instead using 
Fig. 4.* 

The value any theoretical development depends entirely how closely 
the assumptions approximate the actual conditions. few facts about some 
recent discoveries concerning the stresses rock may aid evaluating the 
accuracy the assumptions. 

Professor Walter Bucher,+ the University Cincinnati, has sum- 
marized the experimental work Hartmann (1896) and the analytical 
work Mohr (1900), covering the methods failure rock: 


all hard materials (except the most brittle ones), under tensional 
well compressional stresses, deformation shearing takes place two 
systems intersecting planes shearing. 

Adjoining planes one system are parallel. 

The angle which the two systems intersect constant for any given 
material, that is, independent the nature intensity the stresses 
involved. 

For the same kind material, this angle differs the more from 90° 
the harder and the more brittle the material 

“(e) consider tension negative compression, the law governing 
the arrangement the yield planes with reference the principal axes 
stress which will referred Hartmann’s Law, can expressed follows: 
brittle materials, the acute angle formed the shearing planes bisected 
the axis maximum compression, and the obtuse angle the axis 
minimum compression which negative, representing tension. 

“(f) the position the principal axes changes from point point, the 
shearing surfaces are warped. The less this the case, e., the more nearly 
homogeneous material is, the more regular are the shearing planes. 

“(g) The shearing planes not originate simultaneously, and are not 
uniformly distributed.” 


along vertical plane through the axis the tunnel. For then (see Equation 


Proceedings, Am. Soc. E., April, 1923, 665. 
Journal Geology, Vol. (1920), 712. 


the case considered the author, the maximum compression stress 
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(68)) 180° and cos Failure then tends occur along two shear 
planes, symmetrical about this plane, starting from the ends the horizontal 
section the tunnel. The vertical stress the tunnel, therefore, greater 
than that due the weight the overburden directly above it. 

Mohr’s theory the ellipse stress connects the angle shearing with 
the ultimate tensile and compressive strengths the relation: 

cos 

Bucher states that crushing small cubes vise, the angle shear 
may approximately determined experimentally, with remarkable accuracy. 

Some the characteristics the angle shear are that independent 
the hardness the material and also the deformation which 
substance capable below the elastic limit. the tensile strength greater 
than the crushing strength, the shearing angle obtuse (for example, wood 
with the grain). The angle shearing more acute the more brittle the 
substance, and vice versa. 

Karman’s experiments,* determining stress-strain diagrams for marble 
and sandstone cylinders exposed independent and simultaneous longitudinal 
and pressure, showed conclusively that the angle shear increases 
with increase radial pressure. That is, the radial pressure makes 
material less brittle. This can easily explained realized that radial 
pressure permits greater tensile stress the outermost fibers. 

The opposite case, cylindrical tubes exposed internal radial pressure 
(the case considered Mr. Dunn), was investigated Mason 1911,+ 
studying “Liider’s Lines Mild Cylinders exposed internal hydro- 
static pressure and external hoop stress showed decrease shearing angle 
from 100° 84°, the hoop stress was increased. 

The writer presents the foregoing facts order bring out the point that 
the strength the rock overburden may not its maximum tension value, 
but that the actual shear stress must investigated. other words, the 
author may testing the wrong link the chain determining its true 
strength. 

illustrate the point further, the following quoted from the paper 
entitled “Engineering Geology the Catskill Water Supply,” Charles 
Berkey, Esq., and James Sanborn, Am. 

“To prevent outward leakage from the [Rondout pressure] tunnel which 
subject this point head about 700 ft., the concrete lining was 
made ft. thick. This lining was placed inside steel shell protect the 
conerete during placing and setting. Dry packing placed outside the tunnel 
was grouted and the surrounding porous rock was impregnated with grout 
under high pressure.” 

Under hydrostatic test, the shaft and tunnel being subjected the 
working pressure, the concrete lining was ruptured for several hundred feet, 
between Shafts and where the overburden was about 350 ft. Fig. 


Zeitschrift des Vereins deutscher Ingenieure, Vol. (1911), pp. 
Proceedings, Physical Soc. London, Vol. (1911), pp. 305-333. 

Proceedings, Am. Soc. E., September, 1922, 1560. 
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indicates that head 700 ft. (roughly lb. per sq. in.), requires 

overburden 220 ft. prevent tension. The discrepancy 
between this and the actual value too great explained local weak- 

with nesses, especially the failure was over such great length. The writer 
hopes that some one who was concerned with the design the Catskill pressure 
tunnels will discuss this paper, and explain the methods used. 

hear may accepted, but objection can urged Equation and the 
resulting conclusions. unit deformation (or strain) the direction 
dent from Equations (1) and (5) 

therefore, 

Thus, varies with both and and cannot vary with alone, 
arble Equation (13) asserts, unless constant. Hence, this tacit assump- 
linal tion made writing Equation (13), and inevitable that Equation 
should reach the same conclusions. 
Reasoning from such unwarranted premise, the finally, 
adial tentative method, finds that This different from the well- 

known Lamé results, pertaining thick cylinder, challenge attention. 
ssure Whether not the ends the cylinder walls carry any pressure, can 
assumed that plane sections perpendicular the axis the cylinder 
tunnel, remain plane under pressure—at least for central part, not too near 
ingle the ends; and, further, that, for long tunnel, there longitudinal 

deformation strain; which assumption leads Equation (5). 
Now, seems the writer that, for long tunnel homogeneous rock, 
the longitudinal unit stress, should zero for the central part. fact, 
the for the solid rock, endowed with weight, before the tunnel driven, the weight 

true transmitted vertically, and there lateral thrust; and this remains true 

however small the weight per unit taken; and seems reasonable 

paper assume, for the weightless rock assumed the first part the paper, that the 
longitudinal stress, zero for any value the derivation 

Lamé’s formulas, only necessary assume that for any transverse 
the general solution.|| For any constant value (zero included), the 
unit stress, the distance, from the center the 
supposed given the equation: 

feet, 
Prof. Emeritus Math., Univ. North Carolina, Chapel Hill, 


Received the Secretary, May 23, 1923. 
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Merriman’ Tenth Edition, Articles 149 and 150; Morley’s 
Art. 
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which, 
internal surface cylinder; “Th 
Here, and are both positive, although always compressive and 
always tensile. For the tunnel, the radius, r,, will have taken the 
depth the rock, from the surface the center the tunnel, the part The 
rock outside the cylinder, radius r,, being ignored. the formula combin 
assumes that the normal pressure the outside the supposed cylinder 
zero, the result approximate, although, when large, practically For the 
true for the circumferential tension the inside surface r), which (2) pra 
the quantity particularly desired. 
Designating this circumferential unit tension the inside 
Tar, and the outside the equation gives, for, 
out wel 
The last result evident from the formula; for the preceding value, the 
write, for carried 
the 
from which seen that, increases indefinitely, approaches zero can 
indefinitely, and T,, approaches Thus, when the depth, r,, from the surface 
can taken equal Per sq. 
The curve given the equation for similar shape the curve, stone, 
Fig. 3;* but not like the curve for Fig. which has the 
elbow, which appears unjustified. 
has been supposed that the greatest strain (deformation) 
which experienced the direction occurs the inside develo 
and is, 
the 
The value e;) slightly greater than the value but the 
ence for 0.2 small. 
The value e;), called, some authors, the true stress. This 
unfortunate designation, really only measure the true strain. 


Loc. cit., 666. 
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Morley* points out: 


“There are three theories when elastic failure takes place, namely, 
“(1) For certain value the maximum principal stress. 
“(2) For certain value the maximum principal strain. 
“(3) For certain value the maximum shearing stress, this being pro- 
portional the greatest difference between principal stresses.” 
The third theory seems have the best it, for ductile materials for 
combined stresses, such torsion and flexure, tension and torsion, and com- 
pression and torsion, least, judge from the experiments thus far made.t 
For the problem the thick cylinder under fluid pressure, Theories (1) and 
(2) practically agree, that the first should suffice for practical solution. 
seen from what precedes that the author and writer agree the con- 
clusion that the unit tension the inside the tunnel for 


equal the unit water pressure, but differ the variation 
this tension outside the tunnel; which variation, however, bears practical 
significance the problem hand. 

previous solution refers rock with- 
out weight. This weight must now considered. 
Fig. represent vertical section right 
angles the axis the tunnel. can easily 
shown that the weight rock directly over 
the tunnel, after has been excavated, can 
carried shear along vertical sides tangent 
the tunnel. Thus, Fig. consider the rock 
contained between two vertical planes perpendic- 
ular the axis the tunnel and ft. apart; its 

unit the rock; and, letting the unit shear the rock, this weight 
can sustained the total shear the two vertical faces (each area 

ft. and 170 Ib. per cu. ft., per sq. ft. 142 
per sq. in. This only about one-tenth the ultimate shearing resistance 
stone, that the shear the two walls amply able carry the weight 
all the rock directly over the tunnel. 

This rock over the tunnel does not develop any lateral thrust, correspond- 
grain pressure bin; but, because the tendency sink, may 
develop arch action, and may give horizontal thrusts for supposed arches all 
the way down, the case the grain bin.t However that may be, the part 
the rock near and just over the tunnel—on account this tendency 
sink, particularly when large—will develop arch action; therefore, may 
confidently expected that there will small horizontal thrust small 


the Journal, West. Soc. November, 1912, there able paper, Prof. 
Int asquin, entitled, “The Circular Diagram Stress and Its Application the Theory 
ernal which the experiments combined stresses are discussed from 

the writer’s “Earth Pressure Walls and Bins”, pp. for Pressures 
Linings Earth, and pp. 218-221, for Grain Bins, where such action considered. 


Surface 


face 
ided 
ion) 


vertical section just above the crown the tunnel, with corresponding small 
vertical forces cause this thrust, sketched Fig. 13. The magnitude 


these forces cannot given, neither can the magnitude the vertical 
stresses horizontal diametral plane outside the tunnel; but, regards 
the latter, some distance from the tunnel, such stresses should equal 


because there, the weight rock transmitted vertically. The stress from 


such point should increase toward the tunnel, because the weight trans- 
mitted the shearing forces mentioned, vertical planes over and its 
right, sketched roughly Fig. For the lower half the tunnel, there 
some transmitted stress from the sides, which diminishes the bottom 
the tunnel approached, where probably zero. 

this reasoning correct, there not circumferential thrust the 
same magnitude around the inside the tunnel, but variable circumferential 
thrust; for, the bottom the tunnel, probably zero; the top, where 
equals the horizontal thrust, small; but very large, and 
certainly greater than 


From such considerations, the writer unable agree with the author 


that, when tunnel excavated, constant circumferential stresses next the 
tunnel are induced, that the tangential stress and Fig. 7,* equals 
with the subsequent conclusion. 

According the writer’s view, the problem admits only roughly 
approximate solution, follows: 

(1) For for rock without weight enclosing the tunnel, 
which the fluid pressure lb. per sq. ft., the circumferential tension induced 
the inside the tunnel the same the fluid pressure per sq. ft. 

(2) When the rock supposed weigh lb. per cu. ft., the horizontal 
thrusts, the top and bottom the tunnel, are small that they can 
balance only very small part the circumferential tension therefore, 
the side safety, well regard such horizontal thrusts zero. 
Then, the top and bottom the tunnel, the rock will subjected 
tension per sq. ft. can withstand this tension, cracking will 
occur; otherwise, joints seams will open. 

the sides the tunnel, the tangential stress (compression) due the 
weight the rock certainly greater than and probably much greater; 
that, this stress greater than there can tension there. 
less than the difference will represent the tension that still exists. 

Evidently, the top and bottom the pressure tunnel are the critical points, 
and disturbing think being dependent the tensile strength the 
rock there for security; that account, the writer will delighted some 
one can prove more exact and comforting theory than has outlined. 
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THIRD PROGRESS REPORT 
THE SPECIAL COMMITTEE REPORT 
STRESSES RAILROAD TRACK* 


Discussion 


rails one great complexity, and only experiments 
possible separate the effects counterbalance, flat spots wheels, low 
spots rails, and various other causes dynamic stress. The Special Commit- 
tee Stresses Railroad Track, its Second§ and Progress Reports, 
studies separately and detail the effect counterbalance. The other causes 
are not brought out, and their average effect marked under “speed effect.” 
Although the average value this speed effect not “unreasonably high”, 
use the words the report, the observed values stress that are given, show, 
for the several wheels and rail sections, considerable variations for which 
explanation given. 

this will shown that, some cases, this variation can 
attributed the vertical motion the wheel due the causes mentioned 
previously. taking into consideration the yielding the track acting 
easily shown that the effect the counterweights greater than 
that given static formulas and explanation obtained for the fact that the 
maximum stress occurs somewhat after the counterweight has reached its 
lowest position. 

The additional stresses produced the rail the vertical motion the 
wheel, due flat spot other irregularities the wheel rail, are readily 
shown that the additional deflection produced flat spot 
proportional the depth the spot and depends the time required for 
the wheel pass over the flat spot. From this, follows that the more rigid 
rail gives somewhat higher proportional increase this stress with increase 
speed than less rigid one. 

The method additional stresses due vertical motion 
wheel will shown the very simple case single wheel. Considering 
the track structure, the following relation between the pressure, 
and the deflection, the rail can 


Presented the Annual Meeting, January 17, 1923. 

Research Dept., Westinghouse Elec. Mfg. Co., East Pittsburgh, Pa. 
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which, 


denotes the flexural rigidity the rail, and denotes modulus elasticity 


rail support defined the pressure per unit length each rail required 
depress the track one unit. 
Considering the rail spring, the rigidity which determined 


Equation (2), the equation free vibration the wheel the rail can 


written the well known form: 


which, denotes the weight the wheel, together with the half weight 
the axle and the weights other parts rigidly connected the axle.* 

The period free vibration the wheel the rail, from Equation (3), 
will be, 


which, 


denotes the deflection the rail under the pressure, 


and 1500 per inch length rail per inch depression, and 000 
Equation (4) gives 0.0483 sec., that is, the wheel performs about twenty 
vibrations per second. 

Consider now different forces acting the wheel: The forces acting 
the wheel through the spring may considered and the 
sponding depression the rail may calculated from Equation (1). 

The vertical component the centrifugal force, due the unbalanced 


rotating parts, will be, 


which denotes the period one complete revolution the wheel and 
constant depending the initial position the counterweight. 
The vertical motion the wheel produced this force may found from 
the well known equation forced vibrations: 


mass the vibrating part the rail negligible comparison with the 


the wheel. 
The variation this force, due the vibration the locomotive its springs, 
also taken into consideration without difficulty, the period this vibration may 


considered large, comparison with and the static formulas may used 
the deflection the rail. 
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integrating Equation (6), the expression for the forced vibration may 
obtained the form: 


which the deflection, obtainable from the static Equation (1). 


asticity 


ned 
can 


seen that the amplitude the forced vibration, Equation (7), greater than 


the ratio, 


When the time, 7,, revolution the wheel large compared with 
the period, free vibrations the wheel, the ratio, Equation (8), differs 
little from unity and the static Equation (1) may used without essential 


ight 


(8), 


errors. Assuming, for instance, that is, taking about five revolutions 


the wheel per second: 


The maximum deflection, therefore, due the counterbalance, about 
greater than the value given the static Equation (1). The ratio, Equation 
(8), increases with the diminishing the time, revolution. If, for 
instance, the effect the inertia forces the second order, taken, for 
which the period equal 47, obtain, for the example just given, 


that is, the difference between the results obtainable from Equation (1) and 
Equation (7) about per cent. 

proportional the square the speed, and the ratio, Equation (8), 
increases with the speed, may concluded from Equation (7) that the stress 
due counterbalance increases much further than the square the speed. 

taking into consideration the damping effect friction, easy 
show that the maximum depression, due the counterbalance, must occur 
somewhat after the counterweight has reached its lowest position. 

Consider, now, the effect flat spot the deflection the rail. 
denote the variable depth the flat spot and the deflection the rail. 


from Then, the vertical displacement the wheel equal and the differ- 
ential equation motion the wheel the vertical direction, due the 

effect the flat spot only, will be, 

from which, 

zs, can 

nay 
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When the shape the flat spot and the speed the locomotive are known, 
can easily expressed function the time. Suppose, 


which, known function the time. Then, from Equation (10), 
obtain, 


comparing the forms Equations (6) and (11), seen that the 
effect the flat spot the same that external force, The deflec- 
tion produced this force the moment, may calculated using the 
known formula for forced vibrations, 


example, consider the effect flat spot the shape which deter- 
mined by, 


which denotes the length the flat spot, and the depth 
the spot the middle its length. Substituting Equation (13), 

Substituting this Equation (12) and integrating, the additional deflection 
produced the flat spot has then the following 


t 


which, previously, denotes the period free vibration the wheel 
the rail, and denotes the time required for the wheel pass over the 


flat spot. Equation (14) can used for calculating additional deflection any 


depends the magnitude the ratio, The variation the deflection 


the rail under the wheel the interval for different values the 
ratio, represented Fig. 103. 


should noted that, the first moment, owing the flat spot, the 
pressure the rail diminishes, and the wheel begins move vertically down- 
ward with acceleration. Then, the retardation this movement begins and, 
with it, the increase pressure and deflection. The values the maximum 
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£=Depth of Flat Spot 
1=Length 
‘T=Period of free vibration of wheel on rail 


Tz Time it takes wheel to crogs flat epot 


Length Flat Spot 
103. 


deflections, from Equation (14) for different values the ratio, 
are given Table 24, 


TABLE 24. 


The maximum deflection, equal about 1.47, occurs the speed corre- 


from Equation (1) that the force, corresponding the additional deflection, 
equal in., about Thus, comparatively small flat spot pro- 
duces, certain speeds, very appreciable dynamic effect. Similar results can 
obtained for flat spots different shapes, for instance, the case where the 
variation the depth, follows the parabolic law the law represented 
broken line.* 

The vertical motion the wheel for can considered free vibra- 
tion. The initial displacement and the initial speed these vibrations, that 


*See the writer’s paper, the Stresses Railway Transactions, Inst. 
Engrs. Ways Communication, Petrograd, 1915. 
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is, the deflection and the speed r,, may found from Equation (14). 
Owing the damping effect, these vibrations die out very quickly. 

all the considerations presented, the mass the vibrating part the 
rail was neglected comparison with the mass the wheel. The error involved 
this simplification the problem not essential the time, which 
required for the wheel pass over the flat spot, long enough comparison 
with the period the fundamental type free vibration the rail. With 
increasing speed, the error increases and the elementary solution, given pre- 
viously, may considered first approximation. The exact solution can 
obtained only the consideration the vertical motion the wheel, 
together with the transverse vibrations the rail.* 


Solutions number problems vibrations rails are given the 
paper, “On the Vibrations Bulletin, Electro-Technical Inst. Vol. XIII (1915), 
Petrograd. See, also, the writer’s paper, des Charges roulantes sur les 
Genie Civil, 1921, 555. 
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DIVERSION THE DELTA THE COLORADO 
RELATION IMPERIAL VALLEY, CALIFORNIA 


Discussion* 


Entenmann,t Assoc. Am. Soc. (by paper 
valuable record interesting river-control structure the lower 
reaches the Colorado, and particularly noteworthy for its presentation 
the data the preliminary investigations which determined the type and 
location the diversion. region where rule-of-thumb methods, guess, 
and snap judgment often supplant critical scientific research, gratifying 
find that the work was planned with some care. Although this diversion 
was developed exactly had been planned, the writer thinks that Mr. Rothery 
too optimistic his conclusions with respect the feasibility directing 
the river into new channels. Explaining the capacity the river erode its 
own bed, says:§ 


“With such rapid erosion, provided increasing volumes water are avail- 
able the diverted course, any channel can quickly enlarged that the 

entire river flow will soon follow the new course, especially its old direction 
flatter gradients effectively blocked.” 

Too little emphasis placed the necessity closing the old channel 
order assure success; and the importance the rock-fill dam across the 
old channel into Voleano Lake and the levee which was built along the north 
bank the river, insufficiently stressed. considering the success this 
diversion, should understood clearly that the river had choice 
direction. Its flow any other direction than that the diversion was most 
effectively blocked; and factors other than that fall contributed the 
success this channel change. Where the river has choice either two 
channels, one flat gradient the general direction its flow, and the 
other steeper gradient angle this direction, the kinetic energy 
the stream may offset the theoretical possibilities greater velocities 
the steeper gradient and continue the stream its old channel, especially 
the eddy currents created the point diversion immediately cause the 
deposition silt and the building bars across the inlet the new channel. 

Stating this differently, consider the conditions the point the diver- 
sion. the direction the old channel flatter gradients, the stream has 
initial velocity which may high ft. per sec.; the direction 


*This discussion (of the paper Rothery, Assoc. Am. Soc. E., published 
April, 1923, Proceedings, and not presented any meeting the Society) printed 
Proceedings order that the views expressed may brought before all members. 

Engr.; Cons. Engr. (Allison Entenmann), Calexico, Calif. 

Received the Secretary, May 23, 1923. 
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the diversion, the initial velocity may zero. fact, Fig. 


Mr. Rothery shows one inlet condition where the stream actually had 


reverse itself get into the new channel. 
The Colorado, alluvial stream flowing its own alluvium, has 


high silt content that all stages chocolate colored. the 


the moving stream; and whenever the river ponded, its velocity 
decreased, deposition the silt takes place very rapidly. 

Where obstruction placed across the old channel, permitting the 
major portion the stream flow continue the old direction the 
time the diversion channel first opened, the change direction that 
part the river which leaves the old channel produces eddy currents; and 
there area between the eddy current and the main where the 
stream has zero velocity. this area, sand-bars are quickly formed and, 
general, the bar begins the mouth the diversion near its up-stream 
bank. Further reversal current follows the formation the bar, with 
accompanying increase deposition silt and the prolongation the 
bar down stream, until extends entirely across the mouth the new 
channel. evident that such obstruction across the inlet the 
diversion channel seriously affects the chances successfully diverting the 
stream the new direction when the old channel remains unobstructed. 

The writer familiar with six attempts divert the Colorado River into 
new channel, dam being used block the old channel; and five these 
attempted changes were failures. the purpose this discussion 
describe the cut-off that succeeded and note the influences that caused the 

About 100 miles north the Delta low-lying, crescent-shaped valley, 
miles long and approximately miles wide—the Palo Verde Valley— 
contiguous the west bank the Colorado River. The valley lies below the 
flood level the river and would subject inundation from the annual 
June floods, was not protected levee system. The land highly 
cultivated, being served gravity irrigation system taking its supply from 
the Colorado the north end the valley. Its protection system earth 
levee with top width ft. and side slopes the river side and 
the land side. The top the levee about ft. above flood height. 
With the exception two places, each about mile long, where heavily 
blanketed with rock rip-rap, least ft. thick, the levee unprotected from 
erosion; and, therefore, has been built considerable distance back from 
the normal channel the river, that functions chiefly dam hold 
back the ponded flood waters, and not guide determine the location 
the channel. During recent years, owing the tendency the river build 
its own bed and thus increase the slope toward the levee, the channel has 
moved dangerously close the levee four places; and during the floods 
1921 and 1922 the barrier was breached and large areas the valley 
submerged. Although the value the crops destroyed 


Proceedings, Am. E., April, 1923, 689, 
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and the resulting depreciation land values, far exceeds the cost 
protecting the levee with rock rip-rap, the settlers have been reluctant 
finance the work blanketing the levee with rock and placing railroad 
it. 

the necessity preventing the river from impinging the levee 


urgent, and recognized the settlers, many schemes, for directing 


the channel away from the levee during floods, have been proposed and 
tried. Every cross-roads theorist has some pet panacea for saving the 


valley; and the channel cut-off the cure-all most often suggested. There 


theory, which has become almost folk-lore tradition among the settlers, 
that the river was “straightened” all flood dangers would vanish. 

The river meanders along the miles valley wide sweeping bends 
which increase the length measured along its course more than miles. 
These bends are convex toward the levee four places, and these places 
attempts have been made divert the channel into cut-off across the bend. 

The Olive Lake Bend offered the best conditions for the success 
attempt divert the river flow across it. wide horseshoe-shaped bend, 
miles around the curve, and only miles across it. the fall the water 
surface around the bend about ft. per mile, the fall across from water 
surface water surface ft. per mile, but the ground slope for the first 
mile steeper. every spring flood, the river, overflowing its banks, 
deposits most its silt near its banks, the up-building the ground surface 
subject overflow being maximum the edge the channel and diminish- 
ing zero distance 000 ft. the typical débris-cone formation. 
Therefore, this bend, the river flowed around the rim saucer-shaped 
area, and the profile the line the proposed cut-off showed fall 
approximately ft. for the first mile, with flatter slopes for the remaining 
distance. 

Above the head the bend, the river flows southward, turning the west 
sharply right angle enters the bend. The diversion was the apex 
this angle, and the cut-off was oriented that, effect, would con- 
tinuation the southerly flowing channel above the bend. 

the early spring 1920, right-of-way, 300 ft. wide, for the proposed 
cut-off, was cleared through the heavy brush, and cut, with bottom width 
ft., side slopes and approximately ft. below the low-water 
level, was excavated with teams and Fresno scrapers. The excavation could 
not made deeper because ground-water conditions limited the depths 
which teams could work, and mechanical equipment was available. During 
low-water periods, when the flow between and 000 sec-ft., the river 
surface this place ft. below the top its banks; and, its maximum 
flood level about ft. higher, overflows these banks depth ft. 
during the June freshet. 

The cut was opened April 25, 1920, when the river flow reached 

and when the head the cut was about ft. The effect was dis- 
appointing. The channel above the diversion began develop bend the 
east, that, instead flowing directly into the cut, had been planned, 
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made angle with the direction the new channel which increased 


nearly 90° the bend above enlarged. From April May the discharge 


decreased 000 sec-ft., with appreciable effect the cut; but the poor 
inlet condition, due the unfortunate channel change above it, was 
vated the formation silt bar across the mouth the diversion, which 


threatened its early failure. After May the river discharge increased 


steadily the peak 190 000 sec-ft. June and this discharge, with con- 
sequent increased head the diversion, together with the lavish use 
explosives the silt bar across its mouth, increased the discharge through 


the new channel; but was not until the river topped its banks May 


when the total discharge had reached 50000 sec-ft., that the anticipated 
erosion the bottom and banks the diversion began. the mouth, the 
cut widened and deepened rapidly, and the increased flow through the new 
channel indicated possible success; but the eroded material, transported 
the water the new channel its gradient ft. per mile, was carried 
the end the 2-mile diversion where re-entered the old channel, flowing 
lessened velocity gradient ft. per mile. The consequent 
tion the current resulted the immediate deposition silt. 
within weeks, perfect delta cone had formed the outlet, with the water 
flowing over wide thin sheet instead through confined deep channel. 

Increasing discharges the river had little effect this delta formation. 
The cone continued build itself higher, and farther up-stream, with the result 
that the gradient the cut-off was flattened and further erosion the 
banks bottom took place. When the flood reached its peak, June witha 
discharge 190000 sec-ft., the diversion carried approximately 000 
including the water which overflowed the banks the new channel. The 
channel had eroded width 300 ft. with average depth less than 
Continuous effort was required keep open. 

The river flood carries enormous quantities drift—dead tree trunks, 
branches, logs, and large quantity green vegetation from the eroded 
banks, chiefly young willows and cottonwoods—and this drift fouled every- 
where throughout the channel and formed sand-bars behind it, with resultant 
decreased discharge capacity. patrol motor launch and several 


boats worked continuously with explosives remove snagged drift; 


were also used attempt aid the erosion the bottom. 

After June the discharge continued decrease steadily until July 
when was sec-ft. During this reduction quantity change the 
carrying capacity the diversion took place; but the river above the inlet 
developed sand-bar the east side which closed the bend that had formed 
when the cut-off was opened, and caused the main channel head straight 
into the diversion. Strenuous efforts were then made keep the cut 
Explosives were used freely remove all drift, and opening through the 
delta cone the outlet was made exploding large quantities 


order confine the stream narrow channel. recession the bottom 


took place, and within days had worked back the inlet the diversion, 


lowering the water level the river there nearly ft., sufficient reduce the 
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poor flow the direction the old channel the point where this channel rapidly 
silted in. July 18, when the discharge had diminished 30000 
the entire flow passed through the diversion. 

may interest note what respect the conditions that determined 
the success the delta diversion described Mr. Rothery, differed from 
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use those the Olive Lake cut-off. The ground-surface gradients were almost the 
same; but, the delta diversion, the ground slope beyond the end the 
excavated channels steeper than the gradient which the channels were 
cipated excavated, whereas Olive Lake, the diversion emptied into flatter basin. 


ith, the 
new 
rted 
flowing 
fact, 
water 
mation. 
result 


the 


the delta, increasing quantities water were forced through the diversion 
the discharge the river increased, because the dam across the old channel 
closed all other routes. Olive Lake the new channel never carried more 
than 50000 sec-ft. (including the quantity that overflowed the banks). The 
change direction the delta was effected the rising river, and was 
complete the peak the flood June whereas the change Olive Lake 
took place falling river, and became established when the discharge had 
dropped the point where the river was confined completely within its banks. 

The writer believes that the change Olive Lake was the result luck 
and the freakishness the river. the channel above the inlet the cut-off 
had continued around the curve, making angle with the direction the 
diversion, the mouth the new channel would probably have silted the 


falling river and the flow continued around the old channel. was the change 
the direction the channel above the inlet change which was purely 
The and way related the conditions the cut-off channel), 
than which directed mass water with cross-section 500 ft. wide and ft. 


deep, moving with velocity ft. per sec., straight into the cut, that 


trunks, diverted the river across the bend. 

eroded Previous attempts divert the river across the Olive Lake Bend had been 
made 1917 and 1919. both attempts, old overflow channel was 
esultant and explosives were used help the erosive action the rising river. 


The channel eroded width 600 ft. with depth ft., but silted 
again when the river dropped its low-stage level. 

Another attempt diversion was made 1919, across Raab’s Bend, where 
old channel the Arizona side, known the Ehrenburg cut-off, carries 


ral row- 
plosives 


uly 


the Part the river flow all stages. has slope ft. per mile, and the 
inlet channel around the bend slopes about 1.25 ft. per mile. Two jetties 400 and 
700 ft. long, respectively, with the longer one 500 ft. down stream from the 
straight shorter, were built from the west bank into the main channel the river 


open. 
the 
ynamite, 
duce the 


angle degrees. They were just above the entrance the Ehrenburg 
cut-off the opposite bank, and were constructed such position that the 
current the river, deflected along the face the jetties, would head 
straight into the cut-off channel. They were built 3-pile bents, driven with 
ft. below low-water bottom; the bents were ft. from 
center, capped with 10-in. timbers, connected with three lines 
10-in. stringers, and laced both directions with bracing, 
all bolted. The jetties were filled with brush bundles, about ft. diameter 
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water lev 
The cuts 


and ft. long, made young willows in. diameter the butt. 
bundles were tied with heavy wire and lashed the piles with light cables, 


These jetties were built order deflect the main channel through the They 
cut-off across the bend, and were complete failures. the 

The theory which dictated the construction these jetties 
was assumed that the current the river striking obstruction placed 
wide angle with the bank would deflected along the face the 
tion and continue this direction. Even the face the jetties could off 
made very smooth and the alignment curved afford easy transition, such around 
deflection might not take place. What actually happens this: 
stream striking the jetty with velocity ft. per sec., loses this velocity channel 
the up-stream face the jetty converting its velocity head into the 
head, that there difference head between the up-stream and 
stream faces the jetty in. distance ft. This steep assuranc 
slope around the end the jetty has the effect turning the current back the 
toward the down-stream face the opposite direction from that which 
the jetty was designed send it. The velocity the end each jetty very Bend 
high. Velocities ft. per sec. were measured when the normal 
current was moving ft. per sec. 

Other feeble attempts divert the channel into cut-offs across bends have 
been made Palo Verde, but all have failed, because was assumed that, 
small channel was cut across bend, the river would abandon its normal breach 
course (without obstruction across it) flow down the steeper slope, addition 
where would erode channel sufficient capacity carry the flood flow. the enti 


The formation delta the end the cut-off channel, the obstruction 
silt bars across the mouth, the accumulation drift the new channel, and 
the failure construct the channels deep enough carry the entire 
flow, all help keep the flow the old course. 

The diversion the river through the Olive Lake cut-off was calamitous 
its effects the further development Palo Verde Valley. The organi- 
zation control the protection system the levee rejected the policy 
blanketing the levee with rock, and made further attempts channel changes. 
1921 the river breached the levee and flooded about one-fifth the valley; 
and again, 1922, another break the levee, caused the river impinging 
against it, brought disastrous flood which submerged about one-third the 
most richly cultivated area the valley. 

the spring 1923, further attempts river diversion were made 
Palo Verde. Three wide sweeping bends the river, known locally 
Raab, Hauser, and Casad Bends, are convex toward the levee and approach 
closely; and each these bends attempt was made divert the 
river into channels across the bend. The conditions effecting diversion 
are, general, the same each the bends. The length the channel 
around the bend miles; the distance across miles; the fall 
the water surface around the bend ft. per mile and across it, from 
water surface water surface, ft. per mile. right way, 500 
wide, was cleared across each bend, and channel, ft. wide, ft. below 
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water level, with side slopes was excavated with drag-line excavators. 


cuts cost approximately each, not including maintenance costs. 


They were opened early May, the river began rise with the approach 
the annual summer flood. 
high peaks the June flood 1923. The maximum dis- 


the river did not exceed 100000 sec-ft. (as compared with high 


twice this quantity previous years), and yet none these 


channels carried the total discharge. the Raab Bend, the cut- 


off channel less than 20% the flood flow, the remainder continuing 
around the old channel. the Hauser Bend, the flow was equally divided 
between the diversion and the former channel. the Casad Bend, the cut-off 
channel carried 80% the flood flow and, present, seems probable that 


the low stage the entire river will diverted through the cut-off channel. 


However, unless obstruction placed across the old channel, there 
assurance that the next flood will follow the diverted route, especially 


the peak should reach 200 000 sec-ft. 


Present conditions forecast the failure the cut-off across the Raab 
Bend and indicate that the cut-off the Hauser Bend will probably divert 
only part the low-stage flow. the purpose these cut-off channels 
divert the entire flood flow, and channel sufficient capacity 
carry the usual peak flood the river has not been eroded along the 
diverted route any these diversions, the levee not safe from possible 
breach due widening the bends during flood stages the river unless 
additional construction effectively blocking the old channel completed and 
the entire flow the river into the cut-off channels. 


low- 


THEORETICAL FREQUENCY CURVES AND 
THEIR APPLICATION ENGINEERING PROBLEMS 


Discussion* 


ALLEN Am. Soo. (by letter).t—In 1920,§ the writer 
posed factors which approximate solution skew curves could 
carried out. did not state the way which these factors were derived. 
may now interest state that they were chosen that they would 
apply series numbers, the logarithms which followed the normal lay 
error. Such series plots straight line logarithmic probability paper. 
These factors may now called the logarithmic factors order 
them from those derived the author. 

Although these factors were derived from series numbers that 
straight logarithmic probability paper was thought that their applicatio 

general, and experience has supported this idea. The manner 
which they check the factors now proposed the author gives further 
the propriety their general application. 

The author has worked out mathematical methods factors for skew serie 
used the same way those proposed the writer. The method 
application easy and convenient, and could hardly improved on; 
the application this rather complicated mathematical problem within limits 
that can promptly and easily managed any engineer’s office. 

The first impression comparing the two sets factors that they 
considerably, but the differences are apparent rather than real. They 
out the difference basis with respect the number terms series 
which will described subsequently, and when this taken into account and 
adjustments are made, the agreement surprisingly close. 

very gratifying the writer that the factors which 
deduced purely empirical procedure check well with the factors derived 
the author mathematical means from skew curve formulas. The 
ment, however, not perfect. There are well marked divergencies the 
and these divergencies may well made the subject further study. 

may that all skew curves not follow the same law, and will not 
subject the same factors for the same degree skew; nevertheless, the 
author has made real contribution finding these theoretical factors, 
showing how they may easily applied. 


This discussion (of the paper Alden Foster, Assoc. Am. Soc. E., publishes 
May, 1923, Proceedings, but not presented any meeting the Society), ther 
order that the views expressed may brought before all members for 


Cons. Engr. (Hazen Whipple), New York, 
Received the Secretary, June 15, 1923. 
Transactions, Am. Soc. E., Vol. LXXXIV (1921), 214. 
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The first matter dealt with the effect the number terms the 
series the value found for the coefficient skew the method com- 
putation used. The longer the record the higher the computed value 
found be. The writer noticed this tendency some years ago and was puzzled 
it. 

The number terms series makes appreciable difference the 
value the coefficient variation that computed for series, and might 
naturally hoped that the coefficient skew would also unaffected. 
appears, however, that this not the case and that factor must applied 
the result first reached for the value the coefficient skew order 
obtain fair estimate the long-term value that may used the subse- 
quent procedure. present evidence, this factor may taken approximately 


this respect, the basis the author’s work different from that used 
the writer. The logarithmic factors which used were deduced from study 
several series terms each. This number was selected represent 
approximately the ordinary length run-off records that were being actually 
used his work, and the values derived from this study were used without 
correction. the light present evidence, factor might well applied 
them adjust their values variations the numbers terms. order 
find the proper value use with the table for 25-term series, 
might some such form as, 0.75 

The difference basis between 25-term series and long-term series 
amounts ratio the values the coefficient skew, and this 
difference must kept clearly mind. 

After the procedure perfected, some addition present nomenclature 
will necessary that the same words will not doing double duty with 
resulting and error. Such confusion resulted some years ago when 
the expression “effective size” was applied filter sands with two quite dif- 
ferent definitions. would have been fortunate some other expression 
could have been used connection with the second definition. 

making comparisons, 0.6 the logarithmic 25-term table must 
compared with value 0.8 the author’s Table 2.* 

When this adjustment made the factors the two tables correspond 
closely. This shown making parallel computations the two sets 
factors for number series with varying degrees skew. Values were 
selected for use making the comparisons shown Table give round 
numbers both tables, and also represent approximately the range covered 
run-off data the United States. 

Most the Eastern run-off data will lie between the first and second series. 
Those that follow with higher coefficients skew may taken representative 


general way Western data. 


The values given Table are plotted Fig. 11. The general close agree- 
ment results accepted gratifying confirmation the general accuracy 


Proceedings, Am. Soc. E., May, 1923, 844. 
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both procedures. For the first two series there are appreciable differences 
even extreme values. This indicates that within the common range 
Eastern run-off data, with proper adjustment the same basis, will make 
difference whether the author’s factors the logarithmic factors are used. 


Hazen’s Factors.* 
2.—By Foster’s Skew Curve 


ist SERIEs. SERIES. 4TH SERIEs. SERIEs. 
Percentage 
0.1 1.554 1.550 2.84 2.28 8.42 8.16 4.90 4,23 6.86 5.45 
1.0 1.395 1.89 2.49 2.41 3.21 4.06 3.7 
5.0 1.260 1.87 1.85 2.21 2.18 2.55 2.50 
Percentage 
terms over 
mean..... 47.5 45.0 42.5 42.0 40.1 39.4 37.6 


Transactions, Soc. E., Vol. LXXXIV (1921), 214. 
Proceedings, Am. Soc. E., May, 1923, 844. 


For the other series, with more skew, there are greater and increasing dif- 
ferences. These are mostly with extreme values. The differences are far 
out toward the ends, that they are, for the most part, beyond the limits the 
short-term series data now available. There clear-cut indication 
superiority either procedure. decisive determination based actual evi- 
dence will have wait for longer run-off records. the meantime, engineers 
can speculate, they like, whether these extreme terms are more likely 
follow the skew curves which the author has computed the indications 
the logarithmic series which the writer proposed. 

There one feature this procedure that deserves consideration. The 
high terms the series have greater weight relatively the results than the 
low ones. This especially true where there much skew and wide range 
values. The procedure, therefore, more likely show the high terms 
with fair degree accuracy than the low ones. This statement applies 
equally whether the factors deduced the author the factors are 
used. other words, the method better adapted studying flood flows 
than minimum 

The writer thinks that the graphical procedure still the safest one 
follow, and that furnishes the ultimate test. The use these factors 
drawing smooth curves helpful and tends toward uniform treatment and 
accuracy, but should not allowed replace the study plotting the 
actual data, and endeavor represent them accurately line. 
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some the graphical method the only one that can used. Rain- 
falls days for the whole number days may mentioned example. 
such series, many the terms, usually majority, are zeros. Those that 
remain might part entire series which most the terms were 
negative. The negative terms are here represented zeros and there 
means dealing mathematically with such series. run-off records similar 
conditions are found only rarely streams that remain dry for some the 
record periods. series terms representing required storage different 
years for given rate draft present similar problem. doubt many other 
kinds partial interrupted series will found, that can handled only 
graphic methods. 


DIAGRAM SHOWING THE COMPARISON SKEW CURVES 
CALCULATED FACTORS PROPOSED HAZEN AND 
FACTORS PROPOSED FOSTER 
Using Hazen’s factors C.S. taken 2.0 times 
Using Foster’s factors C.S. taken 2.67 times C.V. 
Results for Hazen's factors solid — For Foster’s dotted 
and shown only where there appreciable difference 


11. 


The safest way seems all such series either arithmetic 
logarithmie probability paper, and frequently both, and, addition, 
subject them whatever mathematical analysis seems most suitable. 
the line found such analysis accurately represents the data, will 
most may accepted; but the data show well marked 
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THE DESIGN EARTH DAMS 


Discussion* 


James Am. Soc. Hazen’s discussion reminds 
the speaker experience the work the New York Board Water 
Supply investigating material one the dam sites the Catskill Moun- 
tains. This particular deposit had been eroded the stream, that the bank 
stood ft. above the proposed reservoir basin. The material was washed 
sand, lenticular form, surrounded hard-packed, glacial drift, which was 
thought contain enough clay impervious that the foundation 
material would adequate withstand the pressure water. Experiments 
the porosity this material showed that was not impervious the 
first examinations had led the engineers suppose. Mr. Hazen’s remarks 
the fineness grain and the nature the ground are very pertinent 
such 

Gourley before the Institution Water Engineers, London, England, “The 
Use Grout Cut-Off Trenches and Concrete Core Walls for Earthen 
Embankments”, which valuable study modern practice building 
earth dams with core-walls. English engineers have always been quite con- 
servative the use masonry dams water supply work, but, for the 
sake economy, seem turning the earth and core-wall types, using 
grout prime element construction. Several novel devices are suggested 
reviewed Mr. Gourley, and bibliography, diagrams, and the costs 
construction are included. 

One the discussions contains account earth-fill dam with 
extremely thin water-tight membrane great flexibility, such that may 
expected adjust itself elastically almost any settlement which can occur 
earth embankment. This membrane made two 1-in. layers cement- 
gun plaster reinforced with fine-mesh steel with layer asphalt between. 
The membrane applied the down-stream side the cut-off trench which 
extends impervious material. 

Experiments the laboratory the University California showed 
that gunite membranes had high resistance leakage. 


This discussion (of the paper Joel Justin, Am. Soc. E., published May, 
1923, Proceedings, and presented the meeting May 1923), printed Proceedings, 
order that the views expressed may brought before all members for further discussion. 

Cons. Engr., New York City. 
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ALLEN Hazen,* Am. Soo. (by paper consists 
discussion several theoretical propositions relating the percolation 
water through earth dams. Clear ideas the action water the interior 
dams under various conditions are important and necessary making safe 
and economical designs, and studies this kind, therefore, are 
encouraged; but there are some practical difficulties and limits. 

The methods measurements size grain, and the formulas for flow 
water which these measurements are the preliminary step, were intended 
for use with filter sands and other clean granular materials. The methods 
are only fairly applicable sands and clean granular materials. Such 
materials may used for dams, but they are not the ideal dam stock. 

The materials that can made the subject mechanical analyses and 
estimates flow are not those that are best adapted forming the water- 
resisting parts dams. Many dams are built material having great range 
size grain, that is, with very high uniformity coefficients, and especially 
materials containing clayey particles and other colloidal substances and 
soft materials not granular nature, which are very difficult impossible 
classify mechanical analysis. Estimates seepage water through 
such materials based mechanical analyses are usually not much value. 

The laws seepage through these mixed and clayey dirty materials may 
the same as, least similar to, the laws governing the flow water 
through clean sand; and familiarity with the behavior water sand 
aid understanding the behavior water other materials, but the constants 
the formulas flow may widely different, and they are frequently not 
capable definite determination any methods now available. This state- 
ment true hardpans and shaley débris that make the very best dams. 

Even with comparatively clean granular materials, the method placing 
may make great difference the soundness and water-tightness the con- 
struction whole. Many old dams and canal embankments New England 
were built coarse-grained sand and gravel, but they are nevertheless nearly 
water-tight. They are tight because the men who built them knew how 
place the material puddling way make tight. throwing the 
material into water and agitating it, the larger particles went the bottom 
and the finer particles were gathered together into thin but almost water-tight 
layers. The coarse material remained between lenses that were not con- 
tinuous throughout the embankment. 

this manner, substantial and permanent dams have been built, whereas, 
identical material had been deposited dry, would not have held water, and 
rolling layers would not have served have made good embankment. 

the construction hydraulic-fill dams, similar operations much 
larger are carried out and this method has much com- 
with that used the older engineers puddling gravel make tight 

Some the best dams are built material, which, for all practical purposes, 
entirely impervious; and, where this the case, attempts make mechanical 


Engr. (Hazen Whipple), New York City. 
Received the Secretary, April 24, 1923. 
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analyses and estimate percolation through it, are practical 
advantage. However, where sand gravel, other clean granular materials 
must used dam construction, mechanical analyses and estimates per- 
colation are desirable and frequently necessary. 


Am. Soc. author presents six criteria for the 
safety earth dam, and states effect, that all them are complied 
with, such structure will safe. The speaker wonders those six criteria 
cover all the conditions necessary insure stability all parts such dam. 
The question his mind hinges Criterion which is: “The up-stream and 
down-stream slopes must such that, with the materials used construc- 
tion, they will stable under all conditions.” That true; but, what are 
these slopes? the paper they are defined, certain extent; but 
known that other dams complying with these requirements have failed. Engi- 
neers say that soil “fails” whenever will not “stay but they should 
differentiate between the different types soil failure—considering soil 
construction material—and apply the proper preventive 
measures. 

The speaker has never built any earth dams, but has built many 
ments, ft. height, and has dealt with soils various types 
excavation, large quantities, great depths, and under various and varying 
conditions. has been, therefore, the habit watching carefully the 
different types soil failure, and will illustrate few them. 

Fig. illustrates what may considered the simplest possible form 
failure soil. shows drift excavated, 1905, beneath street 
Brooklyn, was uncovered 1915, and the photograph was presented 
the speaker Mr. Willis Thompson, Section Engineer the Transit 
Commission, charge the subway work that point. will noticed 
that there well-defined arch the soil over the drift. The soil beneath 
the arch has fallen, but that above has maintained the integrity the arch 
under the street traffic which intensive known anywhere the world. 
Why did the soil fail and fall, and why did take that particular form? The 
answer will found the very simple principle presented the speaker 
before the Society Briefly stated, that principle may reduced 
two criteria: 

(1) Soil will fail whenever the exerted force exceeds the resistance 
that force. 

(2) The failure will take place that form which permits the greatest 
possible force opposed the least possible resistance. 

The only factor this case tending make the soil fall the weight 
the material within the curve fracture, and the only resistance such 
failure the cohesion the soil. The cohesion, this case, takes the form 
simple tension. The weight the material active downward, and the 
resistance tension opposite direction. The ability soil resist 
stress tension very real; its value tension low, compared with 


Asst. Div. Engr., Transit Comm., New York City. 
Transactions, Am. Soc. E., Vol. (1908), 30. 
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most other materials, but measurable quantity, and, the large area 
involved, often amounts many tons. 

1920, the Society’s Special Committee Codify Present Practice 
the Bearing Value Soils for Foundations, submitted, part its report,* 
the results some tension experiments the University Iowa, 
Griffith, Am. Soe. Those tests were made cross-sections 
about sq. ft., the soil being classed clay. The tensile strength these 
clay samples was much 418 lb. per sq. ft., and the average large 
series was more than 250 lb. per sq. in. 

The span the arch, Fig. 25, was ft.; the rise, ft.; and the curve 
practically semi-circle. appears somewhat elliptical the photo- 
graph because the angle the axis the drift that the camera. The 
condition illustrated, therefore, such satisfy the speaker’s Criterion 
(2), contains the greatest area that can obtained within line 
given length. possible apply numerical values such case: 
Assume unit length weight the material 100 lb. per cu. ft., 
value for the material tension 100 per sq. ft., and equate the area 
and weight such mass against the length the perimeter semi-circle. 
will found that the soil, under such conditions, should fall with span 
exactly ft. The tension value this case cannot stated. The material 
was glacial drift, and the tension value was probably about the same that 
assumed, even less. examination the equations used shows that the 
volume and weight vary the square the span, and that the length the 
perimeter and the area tension vary the span. evident, therefore, 
that, some span, any material, not even excluding rock, must fail and 
fall. This shows why increasingly difficult widen narrow drift. 

The and criteria stated apply also other positions the soil 
fracture line, will now shown: Fig. also photograph soil 
fracture, but the side vertical excavation. Unfortunately, the camera 
could not placed that the photograph would show the whole length the 
crack, which extended upward for some distance and also the right, 
continuing for several feet. This photograph was presented the 
speaker Mr. Charles Thomson, another Section Engineer with the Transit 
Commission. 

For about years, the speaker tried get photographs showing the two 
conditions illustrated, but only recently, through the courtesy these 
engineers, two the speaker’s former assistants, that has been able 
obtain them. 

The crack shown Fig. was revealed cross-cut excavation 
right angles the main cut, and was thus possible photograph it. 
will noticed also, that the fracture curve surrounding the mass that 
moved. this case, however, although the weight again acting downward, 
the resisting shear. The shear vertical the top, and 
approaches the right becomes horizontal. the mass moves, slides 
the curve, and the shear active throughout the whole length the curve. 


Proceedings, Am. Soc. E., August, 1920, 905. 
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Shear soil also very real, and its value much higher than that 
tension. the report previously mentioned, test results were also recorded 
the resistance different kinds soil shear which ranged from about 400 
about 700 lb. per sq. ft., for clay, the average two series tests being 
426 and 584 lb. per sq. ft. “Sandy loam” tested high 353 per sq. 
the average the tests being 312 per sq. ft. These tests were also made 
undisturbed soil, area sq. ft. 

the principle already described applied the mass that moved 
indicated Fig. 26, and the area and weight semi-circle described the 
vertical face the excavation are equated against the length its perimeter, 
using weight 100 lb. per cu. ft., and shearing value 500 per ft., 
will found that such bank should fall about ft. depth. this 
case, also, the material which was glacial drift containing some gravel and 
sand, failed about ft. The horizontal distance was about ft. 

The principle described will carried forward one more step, and applied 
sloping bank. Fig. photograph furnished the speaker, the 
request the Chief Engineer the Transit Commission, the late 
Perrilliat, Am. Soe. E., Chief Engineer the Dock New 
Orleans. The material the pile the left either gravel broken stone, 
makes difference which, because the two act nearly the same manner; 
that the right sand. will noticed that, the workmen shovel 
material from the bottom the pile the left, the entire face the bank 
ravels from the bottom the top. Regardless how long the material 
permitted stand there, will that, because coarse that the spaces 
between the particles cannot filled with water and fine 
loam other material present cause adhesion. That condition will con- 
tinue, and the slope the end the pile the same that the sides. 
Although the slopes the sand, the time piled, are about the same 
those the other material, the condition the face changes when attempt 
made remove it. Such mass sand absorbs moisture from the air and 
retains capillarity; also retains part the rain falling it; and the 
moisture, combination with the small quantity clay other fine material 
present, gives the mass measure coherence, which increases with time, and 
the pile gradually assumes the properties undisturbed soil found 
excavations. the top the pile almost vertical shear crack, and num- 
ber others can seen. The crack near the center that forms almost 
circle particular interest because the fact that the fracture line indi- 
that the surface fracture describes part the surface sphere. 
sphere contains the greatest volume that can obtained within any super- 
ficial area. The condition failure here illustrated again conforms the 
speaker’s Criterion (2). the workmen cut off the toe the slope, the face 
does not ravel down like the broken stone, but stands for time until 
sufficient material accumulates back the vertical face make shear, and 
slides down. 

From similar conditions, number other piles which the speaker has 
measured, known that the the top practically vertical, and 
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that each crack inclined little more approaches the base. The slope 
the curved which attention called, probably between and 
the pile rests level base, the two lines must connected with 
curve, and the fact that they are connected curve indicated another 
manner. the material slides down further and further, there opening 
the cracks the top, there would the soil moved plane. The 
crack always remains closed; but, the exposed fracture increases length, 
another mass above becomes released and, turn, slips, the whole process 
continuing until the mass breaks again. 

The subject cohesion sand most interesting, and, although sand 
usually credited with low cohesive value, often possesses this quality 
marked degree. photograph,* furnished Moulton, Am. Soc. 
E., illustrates this cohesion bank artificial sand made from the 
tailings from the mine the Nevada Consolidated Copper Company. This 
material was washed out from the mine flumes and allowed accumulate. 
Later washings cut down and eroded through it, until the height was about 
The face was not vertical, but was steeper than All the material 
would pass No. about 25% would pass No. screen, and only 
would pass No. 100 screen. Considerable areas the face showed practically 
vertical lines, yet was level, very nearly so, when deposited the water. 

Fig. photograph tailings from the mine the Miami Copper 
Company, Arizona. This bank, also, was deposited washing the material 
out flumes, with about tons water ton the tailings. 
material was very much finer than that the Nevada Consolidated; 80% 
would pass No. 100 screen and No. 200 screen. was nearly 
fine Portland cement. The height the bank ft.; some the dry 
material has fallen the bottom, and wind blown, taking the usual angle 
about This bank, however, has stood for number years and cor- 
responds very closely the material often used constructing earth dams. 

Fig. another example showing the way such material stands; 
practically pure stone dust, but contains enough water, held capillarity, 
maintain vertical face. 

Having examined some the characteristics soil, its use constructing 
adam may considered. 

Fig. shows dam built the Miami Copper Company using the 
material just The dam failed number different points. 
Mr. Moulton states that, before the failure took place, man could walk 
work anywhere it, but stood one spot and jumped and down, the 
soil would move for several feet around. The action that took place here was 
the same that bank sand New Orleans, shown Fig. 27. The 
material the bottom, being somewhat softer and wetter than that near the 
top, was pushed out position various places the weight the mass 
above. did not flow, nor did any beyond the toe the dam. The 
ditch that was maintained the toe the dam take the excess drainage 
entirely unobstructed. The shear cracks the material that moved are 


Not available for publication. 
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shown all over the face the dam. Fig. 31, side view the same material, 
shows how bulged near the bottom, and pushed out simply the weight 
the mass above. The dam was formed sluicing, the same manner 
the other piles the same material shown Figs. and 29, but the up- 
stream face the dam was allowed slope back very flat angle into the 
pool. was probably much flatter than 

the paper, reference made the under-water angle repose 
The speaker the opinion that the term, “angle means nothing 
whatsoever. bold statement say that the under-water angle soil 
just the same the open air, but that fact. the angle 
repose soils submerged water differed from their angle the air, 
would not possible dredge channels through such soils and maintain the 
channels, commonly done. Any one who does much dredging knows that, 
except for the disturbance caused the excavation itself and the wash due 
currents, tides, and the propellers vessels, those cuttings stand well 
for years. 

Fig. shows bank material that stood beneath several feet ground- 
water the time the excavation started. The material had average grain 
size 0.01 mm., and very few particles would average much 0.05 mm. 
The marks the picks and shovels can seen its face, and the unsup- 
ported bank was more than ft. high. The material was termed clay the 
workmen, but was actually silt rock flour. The éxcavation was started 
the center the cut and worked toward the sides, and stood shown 
for weeks. the same material that found the bed the Hudson 
the East River when tunnels are driven through. Although firm the time 
was excavated, was easily broken working over that the sub- 
way had deepened after the concrete forms were placed, order 
remove the softened material and furnish firm base for the concrete. 

There tendency such material flow, except from pressure above 
behind it; there hydrostatic action whatever. there had been, this 
case, when the ground-water was restored, the subway structure would have 
floated, because its weight represented only small part that the material 
displaced. matter fact, the structure settled. 

This same material often found excavating subaqueous tunnels, and 
were possible balance the face pressure with air all points, would 
not even necessary breast and brace those faces. The fact is, however. 
that water always entering the bottom while air going out the top, 
and the weight the column water resting this already saturated 
material tends deform it. The pressure the water between the grains also 
tends rupture the structure the soil, and—as water can enter the soil more 
freely than can pass through—unless worked through very quickly, 
the applied pressure will cause flow into the headings, which often does. 

this point the speaker has been able illustrate what may termed 
facts, relates the behavior soil, but now necessary apply these 
facts the design earth dam. Assume, for example, that Fig. the 
cross-section earth dam, built the dry, without using sluicing methods, 
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without water being impounded behind it. Let the slopes steep 
even long the material remains dry, there practically 
danger movement the slope either the faces, because 
point, above horizontal line, can circular curved area (A) developed 
which will have within sufficient weight overcome the shearing resistance 
along its perimeter. the face was vertical, could, but large part the 
area has been lost account the slope. Only small segment remains. 

What, then, the danger point stage earth dam? The speaker 
may wrong, but his impression that earth dams, generally, have failed 
either during construction, the case hydraulic-fill dams, the time 
they were being filled (except, course, 
those that failed overtopping). That 
will assumed so. Let sup- 
posed that the dam has been completed and 

Fic. 33. that water has been brought the level 
shown The material below the saturation line loses part its shearing 
strength because the saturation, and also loses practically all frictional re- 
sistance, the water acting lubricant the moment shear takes place. The 
resistance shear, therefore, confined largely that part the bank 
between and and the weight the upper part the bank simply pushes 
down large mass the face along the line the lower part, along 
much more easily disturbed than that above, having lost through satu- 
ration large part its resisting power. 

the paper* entitled “Hydraulic-Fill Dams”, Allen Hazen, Am. 
E., there are some interesting photographs the failure the 
Calaveras Dam, which about 800 000 cu. yd. material moved stream 
the time the dam was practically completed and the reservoir partly filled. 

One the photographs was taken the crest the dam looking toward 
one end, and showed almost vertical break, extending down height 
least ft., estimated from its appearance. The conditions existing 
after the slide are shown roughly Fig. 34. The shear dropped from 
and was then concealed the pool water; the material that moved appeared 
the material. What happened 
beneath the pool could not seen, but 
there was the characteristic curve 34. 
fracture the beginning, and evidence shear various points. 

Mr. Hazen has stated that core borings and tests the mass that 
moved showed that the material was firm and consolidated that seemed 


difficult believe that had become fluid and flowed, appeared have 
done. 


The speaker hesitates take issue with Mr. Hazen any question relating 
but this case evident that, strictly speaking, the material did 
not flow, beeause, had flowed, the bottom would have moved least 


Transactions, Am. Soc. E., Vol. LXXXIII 1713. 
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fast the top, due the greater hydrostatic pressure, and there would not have 
been the evidence successive failure and wedging action after the slide had 
taken place, indicated ete. Each section, however, dropped further 
and faster than the one front, because acquired velocity, leaving each 
part front little higher than the one behind it. the contrary, 
believed that the dam failed shearing along the line because 
the lowered resistance shear along due the saturation the lower 
part, and because velocity each part overtook the one advance 

Assuming that the foregoing are facts, what, then, should done prevent 
the sliding the up-stream face? One method obvious; that is, make the 
up-stream slope flat that even with the lowered shearing resistance the 
soil along due saturation, there will danger the weight above 
pushing out the part below. Such method expensive, and has other dis- 
advantages. present, also, the necessary degree flattening unknown. 

The second method radically different. has always seemed the 
speaker that the common method building earth dam with practically 
impervious central core, leaving the up-stream face freely saturated, was wrong 
principle; and that such dam should built with the up-stream face the 
more dense and impervious. This does not mean that all the fine 
should concentrated along the upper face, but that there should 
increasing degree porosity from the lower face all points, 
the water that enters the dam may readily pass through and out without 
developing any hydrostatic head within the dam. Whether not practical 
difficulties will prevent such construction, the speaker unable state, 
has never built any earth dams. 


Am. Soc. author’s diagrams showing the lines 
saturation bring out very clearly, and interesting manner, the fact, 
sometimes overlooked, that after all earth dam—any dam, fact— 
not actually water-tight; that does not really cut off the flow, but rather 
reduces minimum consistent with the safety the structure, and per- 
the value the water allowed seep through. 

The importance furnishing ample drainage for the down-stream part 
well shown, also the increased stability obtained concentrating the 
impervious material the up-stream side. Usually, these conditions may 
fulfilled the judicious selection material, although this selection may 
troublesome. the Wanaque Dam, for example, the best deposit pervious 
material for use the down-stream side the dam stream from the 
dam, and one the principal deposits impervious material down stream, 
making annoying plant arrangement. 

The author wisely assumes the masonry core-wall not entirely 
Even this wall quite thick, there will least the shrinkage 
cracks. However, with fine, relatively impervious, up-stream fill silt 
all these cracks, the assurance provided the core-wall made doubly sure. 

data regarding saturation lines existing dams would 
invaluable. appropriate call attention here the fact that the com- 
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pilation such data has been undertaken the Department Agriculture, 
under the direction Lincoln Fellows, Senior Irrigation Engineer, who 


has issued memorandum the subject preparing for observations 


using “saturation” and “hydraulic-pressure” wells built dams. 
The Department also provides standard forms for recording observations, and 
instructions for their use. With large number data collected this way, 
many the theoretical discussions the paper could reduced more 
practical basis. 

The author has touched slope protection. course, there can noth- 
ing better than the hand-laid rock paving, used successfully the Boston, 
Croton, and Catskill Works. Recently, the speaker re-visited all the old Sud- 
bury works Massachusetts and could not but admire the fine workmanship 
and perfect condition the paving and embankments these and 40-year 
old structures; but, with present labor conditions, will engineers able 
duplicate paving that kind to-day any reasonable figure, and, not, 
will they able devise equally durable protection cheaper methods? 

The Wanaque Dam, now building Northern New Jersey, represents 
case not described the paper—a modification Figs. and 8.* has 
core-wall extending from flow line bed-rock, very deep below the original 
surface. The earth overlying the bed-rock very porous and consists 
coarse sand, gravel, and cobbles. The embankment will constructed with 
impervious fill soil and top soil, stream from the core-wall, and 
down-stream pervious fill coarse sand and gravel.. 

hoped that arrangements may made place wells this embank- 
ment that the line saturation may observed when the structure 
completed. 

The trench which the core-wall was placed was supported the sides 
steel sheet-piling which was driven previous the excavation the trench. 
When this trench was excavated, there was opportunity observe the truth 
the author’s statement that sheet-piling alone cannot depended for 
water stop. Most the piling driven Wanaque was remarkably tight, but 
there were places where was bent the bottom, and several places where the 
interlock had pulled apart. porous foundation, such that Wanaque, 
there would seem doubt that core-wall would indispensable. 
With sheeted trench filled with concrete, one assured the effectiveness 
this vital part the structure. 

The author might well have amplified his paper comments consolidat- 
ing embankment with water. The sand and gravel part the bank 
Wanaque being placed dumping the edge the bank from cars, dry, 
and slushing into place with water from nozzle under high pressure. This 


gives bank with great degree compacting could desired. 


manner, many fundamental principles which are too often 
forgotten not understood. His attempt reduce the design earth dams 
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mathematics suggestive and often contains results qualitative value 
but, the speaker’s opinion, also contains approximations that are 
from the truth render the methods unsound for general application. 

Mr. Hazen has already attention the inapplicability his own 
and Slichter’s formulas earth containing colloidal material which prevents 
flow the nature which obtains granular soils. Mr. Merriman has described 
experiments the earth dikes Ashokan Reservoir showing line 
saturation even the water side the concrete core-wall after lapse 
years with water the reservoir. Nevertheless, the general principles flow 
granular earth are sometimes applicable, the North Dike the 
Wachusett Reservoir designed the late Frederic Stearns, Past-President, 
Am. Soe. E., and granular material that the speaker refers his 
subsequent comments what seem him too rough approximations 
the author’s mathematics. These inaccuracies are quite apart from the 
practical difficulties determining representative grain size earth and 
beneath the dam and down stream therefrom, depths rock and down 
stream from the dam, and the effect side-hill conditions where the dam 
comparatively narrow gorge and does not offer long section having 
uniform height and uniform foundation conditions. 

Each the fundamental Equations (6), (7), and (8)* would correct 
itself were not for the facts that the section dam, S,, varies from 
zero and back again zero and cannot properly treated constant; 
likewise, the section earth below the dam, S,, varies from the dam 
much less than Point (see, for example, Fig. many the 
diagrams given, assuming lines saturation drawn correctly, the flow 
the dam would partly downward, not horizontal, and would difficult 
choose average section that would have any mathematical significance. 
The ground beneath the dam could treated more exactly for the assumed 
conditions, but the line saturation would curve increasing steepness 
the earth section decreased. 

Even assuming that proper constants for Equations (6), (7), and (8) 
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Even 
saturati 
are too 
such 


could selected, the author’s next assumption that seems the 


speaker too much strain the truth produce reliable results. The 
author recognizes the weaknesses, but affirms that they are negligible when 


the flow beneath the dam from seepage through the bottom the reservoir 


negligible. the author apparently means seepage after the dam 
service, therefore before the dam service the seepage, will also 
negligible, and the equation might better written This practi- 
cally what the computations relative Fig. 15§ disclose. very peculiar set 


hypothetical conditions needed harmonize this case with the mathe 
Conditio 


matics. They are follows (see, also, Fig. 35): 


(a) Reservoir bottom blanketed allow practically flow into 


the bottom soil. 
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other diagrams, but for brevity will discuss only few points. 
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(b) This same soil beneath and the dam sufficiently porous allow 
certain computed flow (0.0249 cu. ft. per lin. ft. dam per 
min.) pass through the saturated part the dam and thence off 
down stream through the earth. 


Either a 
cut-off 


Even with such conditions would not possible determine the line 
saturation, the equation, q,, because the “constants”, and S,, 
are too “variable”. the speaker’s opinion, the more probable conditions 
such case would follows: 


(1) The dam, even built material from the valley floor, would 
much less pervious than the valley floor, due rolling. 

(2) With such depth earth and cut-off beneath the dam, the bulk 
the leakage would through the reservoir bottom. 

(3) The line saturation would more shown Fig. 36. There 
would tendency for line saturation like but 
would lowered leakage upward and the dam 
would unsafe unless the down-stream toe were loaded with 
porous material. 


36. 


Fig. 16, tight diaphragm, shown Fig. 35, would required 
the author’s line saturation. this case the dam fine, and 
the natural ground relatively coarse, material, the assumption leakage 
through the reservoir bottom even more strained. The real line satura- 
tion, seems the speaker, would again more nearly described under 
Condition (3) and shown Fig. 36. 


The speaker would make comments along similar lines the case several 


this case, becomes more inaccurate, because the condition 
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constant flow would not begin until the down-stream toe was reached, and 
The necessity flat down-stream slope for this case, shown Fig. 19, 
doubtless correct. The theory the influence cores the line satura- 
tion, illustrated Fig. 20,* has also assumption which seems 
untenable, that is, that hydraulic slope through the orifice between the rock 


the same the average slope 


from reservoir surface toe dam. The loss head would concentrated 
steep slope this orifice manner somewhat similar that existing 
the case throttled valve Venturi meter, and with the result 
much greater flow than that computed the author. The author’s Fig. and 
descriptiont 
cores and this true all his qualitative illustrations, Figs. 14. 
only the attempt attach quantitative results that seems the speaker 
inaccurate. 

The speaker has not critically examined the demonstration relative dams 
composed 
stream. There seem be, however, the same assumptions obtaining 
average sections, etc., and the equality the flow the founda- 
tion soil (q,) with that through the dam. Furthermore, the additional 
assumption made that the flow through the up-stream part the dam 
stated the paper.§ None these assumptions seems the speaker 
The part the water which escapes from the impervious 
stream part the dam into the pervious down-stream part might easily 
augmented water escaping upward into the pervious part from the 
tion soil and the combined flow might enter surface stream and never 
back into the foundation soil. this case, would equal part plus 
leakage through the reservoir bottom, the latter incorrectly assymed 
zero. 
The discussion under Criterion relative limiting velocities prevent 
piping, washing out fine particles, develops many interesting 
Granting the fundamental formula Church applicable the 
particles the soil, the author appears have carried the 
through correctly. The computation page which shows 
only 0.237 ft. fine silt needed for head 120 ft. prevent wash 
material the point exit, illustrates the very great resistance this 
material the flow water. The author notes the applicability 
estimates determining the thickness blanket fine material 
the up-stream slope leaky embankment. The speaker would note that the 
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formula assumes the flow upward that the weights the particles 
resist displacement. leaky embankment, the flow would down and the 
force gravity would act displace the fine material. would seem neces- 
sary, therefore, assume that the leaks were the nature the pores 
bed, which are sufficiently small prevent the fine silt from going 
through. 

The speaker believes that such mathematics that contained the paper, 


slope 
although suggestive, can applied more appropriately actual observations 


lines saturation dams that check will exist the soundness the 
results. are very few such observations, and the author has used 
some would doing service include them his discussion. 


The speaker saw China some results obtained Goodrich, Am. 
Soc. E., ground-water levels the bank stream the loess that 
country, which rather uniform material having grain size about 
0.001 in. determined John Freeman, Past-President, Am. 
The profile was about shown Fig. 37. 


and 


dams 
down 
taining 
isily 
ver get 


37. 


Evidently, the bank was wet due the capillarity the loess; 
(b) the river water was held blanket the finest silt; and (c) the true 
ground-water level the great delta plain was considerable depth below. 

The author has included very full and useful table (Table 7)* 
important earth dams. 


tioned many the features essential the design and construction earth 
dams. With one exception, the formulas presented are not new; the value 


finest paper lies assembling them. 

stration The formula derived the author for determining the line saturation 

ingenious, but the writer questions the accuracy results obtained such 

wash methods, they involve the assumption uniform size for the intricate 

top layer composed clay, silt, sand, surface wash below which 

that mixed boulders, gravel, and sand overlying ledge rock. These separated 


materials have widely different seepage rates. they were thoroughly mixed, 
the flow through them would not the same the sum the flows from 
the unmixed materials. Water would forced through the coarse bottom 
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layer under higher head, due full reservoir, than that which the surface 
layers would subjected, and, quote Slichter: 

“The flow through sand whose effective size grain mm. 000 
times the flow through soil whose effective size grain 0.01 and, 
porosity due packing under weight overburden, “If two 
samples the same sand are packed that their porosities are per cent. 
and per cent. the flow through the latter sample will about 2.6 times the 
flow through the former 

Under such varying conditions, one would hesitate assume average 
effective size material having depth 110 ft., and still more 
project such assumption 500 3000 ft. down the valley. narrowing 
the buried rock valley the occurrence material having smaller effective 
size than the assumed average, would force the surface the increased under- 
ground flow, due building the dam. These conditions might obtain 
where between the dam site and the “fixed point”, and would more likely 
found the toe the dam. Fig. 4*, the author has outlined 
condition similar, that rock dike extending across the valley short dis- 
tance below the dam and outcropping the valley stream from 
the rock dike the ground-water said well below the surface, but the 
question arises: “Why not locate the dam over the outcrop”? the rock 
ridge continuous across the valley, one might inclined question the 
statement that ground-water was well below the surface. The problem with 
underground flow and its increase due storage, arrest the flow the 
dam. the dam that the quantity flow and the character the 
materials should investigated, and the type and extent cut-off determined, 
regardless whether sheet-piling, cut-off trench, masonry wall. 

Under conditions such those indicated Fig. and several cases 
following, where rock not far below the surface, and the overlying material 
permeable, the present practice extend cut-off trench rock. greater 
depths, clay-filled trench has been used, the South Haiwee Dam the 
Los Angeles Aqueduct, where there clay cut-off ft. thick, having maxi- 
mum depth 120 ft. below the valley floor. the Scituate Dam the Provi- 
dence, I., water supply, wide trench, having depth ft. more has 
been excavated, the bed-rock has been grouted, and comparatively narrow 
core being placed. the Wanaque Dam the Newark, J., water sup- 
ply, and the Tieton Dam the Reclamation Service, near Rimrock, 
Wash., both now under construction, cut-off walls have been extended 

his formula. so-called homogeneous structure, the line saturation 
curve, steep its upper end, due entrance, and flattening approaches 
the toe the dam. The author has not taken into consideration the head 
lost entering the material, nor the fact that the voids, and, therefore, the 
porosity, the bottom layers the dam, are greatly decreased overburden. 
Proceedings, Am. Soc. E., May, 1923, 847. 
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The head lost due entrance not great, nor does vary with the increase 
storage depth. controlled the character and compactness the 
surface material the water slope. This shown Saville his Gatun 
Dam experiments, and factor Hazen’s investigations 1892 and 
those made the North Dike the Wachusett Reservoir. has been shown 
experiment that the seepage rate through soil greatly decreased 
compression.* Regardless the quantity water present, like weights reduce 
like materials the same degree compactness percentage voids and, 
therefore, porosity. The weight superimposed material earth dam 
induces pressures increasing downward, and follows that the lower layers 
have fewer voids and less than the upper layers. The rate flow 
through soil, according Darcy’s law, directly proportional the head. 
The rate would modified the lower layers the dam the reduced 
porosity. With these varying factors, would impossible assume 
uniform porosity and seepage rate for the material dam, even that 
material was actually the size assumed “effective”. other words, 
material may uniform size throughout, but when placed dam 
not uniform porosity, and the assumption one-half the storage 
depth determine the discharge area does not conform with the facts. 

The author’s numerous illustrations the application his formula are 
interesting speculations, but they not fit the conditions actually found 
dam building, nor can the formula, admits, applied the complicated 
structures produced the selection and assembling materials various 
methods that experience has found give the best results. 

Ability maintain itself under water not the only condition that fixes 
the slope material used earth dam. The coefficient friction 
larger under low fill and low pressure than under high fill with its 
consequent high pressure. low dam may have slopes maximum steepness, 
fixed the character the material and its height and weight. With 
height, the factor safety maintained flattening the lower 
and retaining the upper slope. Another increase height and flattening 
slope, suit the decreased friction coefficient, still maintains the safety factor 
and results slopes for the higher structure. The addition berms 
the weight the supporting dikes, and, therefore, the factor safety. 
cross-section having changing slopes meets the conditions imposed friction 
and ability the material maintain itself under water. also 
economical material than one having the maximum slope the series. The 
writer recalls but few all-earth dams that have the flatter slope down stream, 
and one these dams has failed. 

The writer not impressed with formulas devised for determining the 
top width earth dam. The only relation between the core and the top 
width that the width should sufficient permit placing the core near the 
top the dam. the dam rolled fill, there relation. The necessity 
for road over the structure, and its importance highway ordinarily fixes 
the The really important problems selecting materials and placing 
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them properly dam secure tightness and stability can accomplished 
without wide crest. After these conditions are satisfied waste 
material and money widen the crest conform some poorly derived 
formula. 

well-constructed earth dam allowances the depth for 
settlement are too great. Experience has shown that settlement hydraulic- 
fill dams very slight and that allowances for wetted and rolled embank- 
ments have been too great. Too much emphasis cannot placed the 
importance water and its proper use compacting rolled fills, and 
separating and depositing material hydraulic fills. Wetting softens the 
cementing material soil, and permits folling consolidate it; sluicing 
consolidates the coarser particles once, and weight added fill further 
pacts both rolled and sluiced materials; fact, weight overburden more 
effective than rolling. 

The author’s six criteria are pertinent, and also directs attention the 
importance effective cut-off earth dam rock other impervious 
foundation, and the necessity rock fill other drainage the down-stream 
toe. The total quantities seepage given some the illustrations the 
application the author’s formula would not seem quite startling they 
were stated cubic feet per second instead gallons and feet per minute. 
The value Table would greatly increased including references 
the source information for each dam listed. 


Am. Soo. (by letter).t—In his practice, 
the writer has found more economical and entirely satisfactory control the 
position the line saturation within earthen embankment drains, 
rather than core-wall puddle core, the addition material the 
down-stream slope. 

From the application physical laws evident that the surface 
saturation there can water pressure normal that surface, and, there- 
fore, theoretically, permeable earthen embankment having surface corre- 
sponding the line saturation would equilibrium. The superincun- 
bent material, consequently, creates the factor the structure. 
probably has small effect. also the position the surface saturation, 
because its weight consolidates the saturated material under hence 
increases the resistance flow through and the hydraulic gradient the 
passing water. The overlying material, however, may permit the surface 
saturation rise above the true hydraulic gradient reason capillary 
action. 

the surface saturation made pass from the water surface the 
pond intersection with the original ground surface near the center 
line the dam, thoroughly stable structure results. This may readily 
accomplished extending tile drain, covered with small boulders and gravel, 
longitudinally along the foundation, near the center line the embank- 


Proceedings, Am. Soc. E., May, 1923, 913. 
Cofis. Engr., Ann Arbor, Mich. 
Received the Secretary, May 11, 1923. 
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ment, and laying lines transverse tiles, connecting with this drain 
frequent intervals (20 ft.), and similarly covered, trench just outside 
the toe the down-stream slope, from which the percolating water may 
carried away. 

This method construction has been used the writer with uniform 
success, during the past years, embankments built with such sands 
are found Northern Wisconsin and Michigan, loam, sand and gravel, 


stones and gravel, and clay. Where sorting possible, desirable 
cover the up-stream slope the embankment with the denser material for 


more porous material. 


this method construction, the volume (and, consequently, the cost) 


the embankment can reduced considerably, ordinary materials will 


The quantity water collected the drains will usually decrease rapidly 


after the first few days flow, and, time, will become almost nothing. 


Experiments the flow water through artificial embankments indicate 


quite clearly that formula for flow can applicable permanently, because 


the banks tend close their pores under the influence the water passing 
through them and thus increase greatly their impermeability. 
noted that similar tendency not evident flow through natural soils, 


unless that flow sufficiently accelerated produce re-arrangement soil 


particles. 

spillway capacity, remembered that the ultimate require- 
will occur only rare intervals, perhaps not more than once years, 
and frequently possible find location where emergency spillway 
can provided excavating wide, shallow channel and closing 
low embankment which time extreme flood will overtopped and carried 
away, thus giving the necessary relief without great damage the construc- 
tion, while for ordinary floods, spillway any the usual types may con- 
structed. This plan will generally permit considerable saving spillway cost, 
the interest which will much more than pay for the replacements the 
low embankment, would washed away probably not more than two 
three times century. 


kept within easy reach the engineer engaged designing building 
earth dam. brings together logical way the various important features 
which should kept mind during the whole process design and con- 
struction. Even those who will place but little confidence the mathe- 


matical determination the position the line saturation, the suggestions 
none the less valuable, that they call attention require- 
ments which often may overlooked. 


The effect foundation conditions, particularly the depth rock other 
material, explained clearly. This matter often neglected. 


*Chf. Engr., The Miami Conservancy Dist., Dayton, Ohio. 
Received the Secretary, May 11, 1923. 
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many cases, the author has shown, such neglect may result serious conse- 
quences. The proper distribution materials the dam, methods bonding 
foundation, best location core-wall, drainage down-stream toe, and 
other important features are thoroughly discussed. 

The writer glad note that the author the old textbook 
theory that dam should not built unless impervious material available. 
Such material desirable, course, and most cases sufficient quantity 
it, with reasonable degree imperviousness, can secured; but many 
successful dams built material more less pervious are serving their pur- 
pose admirably. The point is, that good judgment and experience are neces- 
sary determining the nature the materials available, making the proper 
selection and arrangement these materials that they will the most 
good, and designing fit the conditions. 

Too much emphasis cannot placed the requirement spiliway 
capacity. would seem that this requirement would self-evident any 
one considering the construction earth dam, nevertheless, experience has 
shown that too often neglected. Probably the most common reason for 
this that run-off records for long periods are not available, and there the 
temptation, often present, assume that the greatest recorded flood the 
maximum possible flood, and that the published data for maximum 
especially from small areas, apply some locality other than the one 
question. 

The writer believes that more emphasis might given the use 
impervious up-stream blanket joining the impervious part the dam, 
lengthen the line seepage travel lower the line saturation. many 
instances this may more effective than core-wall construction, and much 
cheaper. Moreover, case may desirable, provides simple and 
effective means future extension. the design the five 
dams the Miami District, was decided that the up-stream 
blanket was more practicable than core-walls, and that provided very satis- 
factory method controlling seepage under the dams. the site each 
these dams there was layer fairly impervious material overlying the 
sand and gravel the valley floor, except the river channel 
impervious overburden, stream from the cut-off trench, was examined 
close intervals using post-hole diggers, and wherever was less than 
ft. thick, depending the head which might subjected, the thin spots 
were reinforced artificial patches selected material rolled thin layers 
until the required thickness was obtained. was necessary then 
complete blanket across only the river channel itself. pervious founda- 
tion where core-wall sheet-piling will not cut off seepage, but can only 
lengthen its line travel, the up-stream blanket recommended 
effective substitute. Its effect the line saturation 
less positive. 

The term “effective size” has been used advantage the studies flow 
water through filter sands. Filter sand fairly well standardized material 
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such material that the definition and use “effective size” were determined. 
The question arises, suitable apply this term the same way 
study flow through such very different materials are found many 
foundations, for instance, mixture sand, gravel, and cobbles? the factor 
“effective size” used, should determined from analysis the 
material whole, only the finer parts? seems the writer that 
there danger placing too much reliance the “effective size” factor 
such 

The writer agrees with all that stated about slope paving, particularly 
the comments regarding the cost this very important item. His experience 
that the quantity required, well the unit cost rip-rap paving, 
usually under-estimated. often considered somewhat unnecessary 
refinement; too often its use afterthought, when, fact, 
essential feature most dams the type under discussion. 

The suggestion might offered that foundation gravel broken 
stone should always placed where rip-rap slope paving used. Many 
jobs have proved unsatisfactory because the stone was laid foundation 
clay clayey material. porous foundation desirable preventing 
sloughing washing out the finer materials from the embankment, and 
obviating damage from frost action. Smaller rock, good gravel base, 
more effective than heavier rock poor foundation. 

The writer agrees with the author that pipes and conduits should never 
pass through earth embankment unless they are placed the original 


conse- 
and 


pur- 
neces- 
proper 
most 


any 
the 
the 
one 


foundation material. There should exceptions that rule. The best 
many Practice, the author states, place the pipes conduits trenches 
much excavated the original foundation and well provided with cut-offs. 
The engineers the Miami Conservancy District have given great deal 
study the protection slopes against rain wash. The down-stream slopes 
-stream the dams, all which were built the hydraulic-fill method, 
porous and free-draining that, even with layer top soil (which 
each expensive apply and maintain), ordinary grasses would not survive 
ing the through the hot and sometimes dry summer. The combination porous sub- 
This and sloping face was too severe condition. There was considerable 
therefore, find slope protection which would answer the 
purpose ithout the necessity placing any soil covering. After experiment- 
spots ing with many different grasses and vines, sweet clover and Japanese honey- 
layers were finally chosen, both which seem grow fairly well the plain 
place gravel slopes without any fertilizer soil covering, except that each root 
honeysuckle when planted was given shovelful rich earth. one 
only the dams, these plantings have survived three not especially favorable seasons, 
nded seem thriving, and serving the purpose very well. Sweet clover, 
being bi- annual, has seeded for two successive years. 
little more might said about hydraulic-fill dams, answering prac- 
flow tically all the criteria suggested the-author. With suitable materials and 
material conditions, the hydraulic-fill method meets most the requirements first- 
study class earth dam construction, with perhaps less danger overlooking some 
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important feature. The impervious core furnishes the required water-tightness, 
the porous down-stream slope tends lower the line saturation its proper 
position, and the material the up-stream slope ideal which place 


rip-rap paving, needed. many instances sufficient coarse material may 


raked out the faces give adequate protection against the action the 
elements and wave wash well. hydraulic-fill dams, the settlement 
material during after construction probably less than other 
type earth dam. The maximum total settlement measured several points 
one the Conservancy dams after period months was one-third 
the height. 


The paper closes with warning that may well repeated and emphasized: 


the best designs may ruined and failure insured inefficient 


construction-undertaken without proper engineering supervision.” Too much 
cannot said about the necessity good judgment and experience 


liminary investigations and designs for any important structure this sort, 
and all may wasted unless intelligent engineering supervision furnished 


during construction. 


add Table the Ammani Shah Dam, Jaipur, Rajputana, India. This 
dam built sand foundation sand and mud. Its are 


follows: 


Top width 
Freeboard 


tion would slope about and that, consequence, the down-stream 


slope might unstable. prevent sloughing and possible disaster, 


filter was built against the lower third the down-stream slope, consisting 


ft. sharp sand, ft. broken stone, and ft. large rubble. This 
has prevented any trouble, although, course, has not stopped percolation, 


which has always been large. 
The author’s list dangerous fauna might also widened include the 


pocket gopher and his enemy, the badger. the West, when working 


combination, they are worse than the muskrat. 
the design any dam, matter what the type material, there should 


due regard for what one engineer has “the great hydraulic 


Provide more less impermeable barrier the water and 


less unyielding support, possibly pervious, for this barrier. The 
Figs. and are first-class illustrations this principle; but the 


Engr., Lethbridge Northern Irrig. Dist., Lethbridge, Alberta, Canada. 
Received the Secretary, May 18, 1923. 
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proper 
place 
may 
the 
nent 
other 
points 
third 


thing can found more modern designs masonry gravity dams 
which the provision percolation galleries and gathering chambers 
noticeable feature. 

Earthen canal banks are dams, principle, not practice. many 
cases, both bed and banks are gravel. They leak great rate when 
first opened, but soon stanch with silt, and, time, become reasonably tight. 
They are good illustrations the great hydraulic principle, thin, more 
less impermeable layer silt stanched gravel supported more less 
unyielding, but quite pervious, bank gravel. 

setting forth clearly the principles followed deciding the 
dimensions and type construction adopted earth dams. There can 
doubt that, the significance his analyses fully grasped, design 
may placed more and economical basis. 

The writer would the last criticize adversely any attempt put the 
design works more scientific basis, yet seems rather difficult 
apply the results observations fairly well-defined and uniform material, 
such filter sand, the heterogeneous mass forming the average embank- 
ment, and predict, except within somewhat wide limits, what results are 
likely attained. After making the best use observations the lines 
laid down the author, would appear prudent allow liberal 
factor safety. 

Britain, reservoir embankment any except the height has 
been constructed without puddle (or, one two instances, concrete) 
core-wall and cut-off trench extended sometimes considerable depths, 
intercept and cut off all joints fissures likely permit the passage water 

when the reservoir filled. The puddle cores have ranged thickness 


nasized: 
efficient 
much 
sort, 


might 
This 


are 


satura- 

-stream ground level from 0.33 0.22 the greatest height the wall, with thick- 
nsisting cases, the factor safety has been excessive. 

This embankment now under construction the Taf South 
Wales, under the direction the writer’s firm, the designed top width the 


puddle ft., with batters each side. Considering the retentive 


ude the and uniform character the fine marly sand which the embankment 
king Constructed, possible that, the core had been built just far enough 

into the bank “break” the joint between the bank and the foundation, all 
should the necessary conditions for stability would have been met, especially 
that the bank must formed horizontal layers, not more than 
more in. thick, well punned rolled 10-ton rollers, but this would prob- 
ably considered too marked departure from precedent Britain. 
and possibly obviate punning rolling, intended water freely 


the successive layers embankment, and this should lead considerable 
economy. 

The author shows very clearly that, predetermined under-leakage 
not always necessary extend the cut-off trench tight 


Sir Binnie Son Deacon, Westminster, England. 
Received the Secretary, May 24, 1923. 
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rock, and, with proper regard the velocity flow the ground-water, such 
course may sound, and may not endanger the stability the embankment, 
such underflow could brought the surface and collected for discharge 
compensation water,* the great expense frequently incurred sinking 
deep trenches and filling them with could reduced materially, 

these days high construction costs, the use grout substitute 
for the cut-off trench appeals strongly the writer. This sub- 
stitution can effected all materials except possibly very open gravel 
running sand. The writer has that the adoption 
grouting particular cut-off trench, 1000 ft. long, would have saved half 
the cost and about year’s time. The embankment referred has maxi- 
mum height 110 ft., top width ft., freeboard ft., and up-stream 


the down-stream part the bank drained ft. quarry rubbish, 
and terminates substantial stone toe. Observation tubes are being built 
into the bank, down stream from the puddle wall, determine the line 
saturation. intended conduct number experiments ascertain 


the rate percolation, under different pressures, through representative 


samples the material forming the bank; and these, together with the results 


obtained the tubes, should instructive. far the writer knows, 


such tests have not hitherto been made Britain. 


several recent embankments Britain, there neither pipe nor culvert 


penetrating the embankment proper, and this practice has been followed the 


Fechan Reservoir. The first operation was construct tunnel, 


diameter and 046 ft. long, through one flank the valley, capable passing 
all but exceptional floods during construction. There stone toe, backed 
earth, and concrete core-wall built the up-stream toe 
such height will ensure the tunnel running full. The cut-off trench 
and embankment proper may thus constructed without interference due 
river diversions. This tunnel lined with concrete and brick, 
cast-iron segments. The scour pipe laid below the tunnel, and its upper 


end, serves take the stream flow while the inlet end the tunnel being 


closed segments (containing the inlet the scour pipe), backed 
The water for supply may drawn through three flap-valves 


entering vertical pipe inside masonry tower which rises from the 


146 ft. from its upper end, and the supply pipe passes under the 
beside the scour pipe. gives access the tower from the 
embankment. 

The flood-water will discharged over circular masonry weir, ft. 


diameter, and down vertical, brick-lined shaft, ft. diameter, 
sunk the solid hillside join the outlet tunnel easy bend 267 ft. 
from its inlet end. The up-stream part the tunnel sealed 


stream from the base the overflow shaft, and the scour pipe 


freely immediately down stream from the bend. 


tion discharge one-third one-tenth the average gross yield the reservoir poitt 


within 100 yd. the base the embankment compensation mills and other interested 


parties within miles down stream from the dam. 
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The Dale Dike the list successful dams incorrect, 
failed, with disastrous consequences. The cause the failure somewhat 
obscure, but what happened appears somewhat follows: Due 
probably lack drainage the down-stream part the dam, and several 
days continuous heavy rain, the dam seems have sagged and was over- 
topped and eventually breached. unsuccessful effort was made prevent 
this overflow blowing the waste weir. possible contributory cause 
the disaster was undoubtedly the leakage from pipe through the bank. This 
pipe was controlled its outer end only, and lack proper support 
settlement and leakage. doubtful, also, whether the site was stripped, 
that there was nothing prevent the outer part from slipping, especially when 
surcharged with water. 

The highest earthen embankment England was constructed the late 
Sir Alexander Binnie, 1876, the Upper Barden, for the supply Brad- 
ford. The maximum height 125 ft., the freeboard, ft., up-stream slope, 
the top, increasing gradually the down-stream slopes were 
substantial stone toe was provided the down-stream side. The puddle was 
ft. thick the top the bank, and its maximum thickness was ft. 


paper very interesting effort theory for the design earthen 
dams. 

This subject has received comparatively little attention until quite recently, 
as, general, such dams have been designed more less empiric basis, 
under the belief that careful supervision construction the best way 
insure the integrity earthen dam. 

With reference the materials which they are constructed, earthen 
dams general must built materials obtained near the sites, and 
their design will depend the materials available, the uses made the 
structures, the locations the dams, and the hazards created their 


construction. 


Allen Hazen, Am. E., has questioned the propriety using 


for the design dams, formulas derived for the flow water through clean 
filter sand comparatively uniform grain size, and this feature will not 


further considered, but even the formulas are applicable, great 


culties will experienced the average case determining the fundamental 


267 ft. 


charges 


obliga- 


point 


factors which are necessary order apply the formulas. 

The material comprising the valley floor the average dam site com- 
posed drift, parts which have been transported considerable distances. 
may great variety materials, and will usually present large varia- 


tion size. dam site recently inspected showed sand and gravel the 


valley floor with very small quantity clay, and including many stones, 
some which were boulder size. The side-hills this point also showed 


quantity loose stone, with larger mixture clay. 


Water Companies, Philadelphia, Pa. 
Received the Secretary, June 13, 1923. 
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Statements have been made, which show that the line saturation may 
very elusive quantity, which case the applicability the entire 
method open serious question. definite lines saturation can actually 
determined successful dams, very interesting method testing the 
author’s theory available taking samples from the borrow-pits from 
which the material for the dam was obtained and endeavoring forecast 
the characteristics the material the dam before that sampled. Should 
this done, believed that would indicate the serious practical 
difficulties applying formulas this kind. Until such experiments have 
been made, believed that the mature judgment 
hydraulic engineer still the best criterion for the construction earthen 
dam, regardless formulas. 

Under average conditions, material deposited 12-in. layers and 
pacted rolling will not form first-class embankment. Layers this thick- 
ness would require excessive rolling, and, even then, the dam would doubt 
settle serious extent. much safer specification would 6-in. layers 
with stones larger than in. diameter the up-stream half the dam. 
Under this latter condition and with the judicious use sprinkling, there 
should substantially settlement unless the materials are unfavorable 

With reference trees embankment, very interesting case was 
observed several years ago. old mill dam was rebuilt for water-supply 
purposes and row willow trees planted the embankment for the esthetic 
effect. The trees had grown diameter in. before the structure 
came under the control experienced hydraulic engineers, who onct 
removed them. Several years later, the dam which impounded about ft. 
water, developed excessive leakage, and was necessary rebuild it. was 
found that the roots the willow trees had decayed, thus affording passage 
for water through the embankment. 

All standard works the design earthen dams mention the necessity 
for protection against burrowing animals, but actual cases where failures due 
such animals have occurred, except for very small dams, are difficult find. 
the fall 1922, newspaper account mentioned the failure smal! dam 
due muskrats, but investigation was found that animals had noth- 
ing with the slight difficulty which had been experienced. This prob- 
ably true many other the cases with which burrowing animals have been 
charged. 

The author states that the question spillway capacity not considered, 
but interesting note that the spillway requirements continue 
increased the time rapidly approaching when the cost spillway 
tion will great practically prevent the building earthen dams, 
except where suitable stone not available. this connection, 
noted that the use hand-placed rip-rap the down-stream slopes 
earthen dam would permit overtopped safely some extent, thereby 
constituting factor safety which, nevertheless, cannot well taken into 
account the design. 
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The author’s criticism up-stream slope paving cut-off wall rather 
severe, view the number successful existing dams which have concrete 
and puddle cut-off walls the up-stream toe, the concrete extending along the 
up-stream slope slope wall. The water companies for which the writer 
Engineer, have six earthen dams heights less than ft., all built this 
type construction. These dams are entirely successful and have exhibited 
signs distress. Two them were originally constructed with center cut- 
offs clay puddle. These dams, however, were unsuccessful that the leakage 
was excessive, and they were, therefore, rebuilt with up-stream and slope 
cut-offs. This slope paving laid sections and has reinforcing 
expansion joints. The dams did not settle sufficiently cause much cracking 
the concrete, although there are number hair cracks which open the 
winter. some these dams, rubble masonry belt-courses were con- 
structed the flow line, whereas others the concrete extends the top. 
None these linings provided with weep-holes, nor have any evidences 
upward pressure ever been observed, although several occasions the dams 
have been drawn down quite rapidly for inspection purposes. one instance 
this was done during very severe weather with considerable frost the ground, 
and heavy rain withdrew much the frost without the dam exhibiting any 
signs distress. The general design these dams indicated Fig. 38. 


Very Carefully Selected M 
Well Consolidated 


Impervious Stratum 


38. 


The conditions under which sloughing banks occurs are not well under- 
stood, but carefully built dam not likely slough. believed that the 
safest location for the outlet works earthen dam rock foundation 
and that they should placed unless rock not available. 

Although Mr. Justin has presented very interesting discussion, 
believed that careful supervision during construction experienced engi- 
neers the best method assuring the successful completion 
earthen dam. 
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and 
MEMOIRS DECEASED MEMBERS and 
will reproduced the volumes Transactions. Any information those 
which will amplify the records here printed, correct any errors, should forwarded Presid 
the Secretary prior the final publication. 
WILLIAM ABIAL DRAKE, Am. E.* 
the 
Diep 19, 1922. Fé, 
Mr. 
William Abial Drake was born Franklin, Y., 1848. devoted 
practically his entire professional life railroad service, which entered 
1868. 
From 1868 October 10, 1878, was engaged with the New York and 
Oswego Midland Railway, now the New York, Ontario and Western Railway, 
Topographer, Instrumentman, Division Engineer, and Bridge Engineer. 
From 1871 1876, was Engineer the construction the Lake Ontario 
Division the Rome, Watertown and Ogdensburg Railroad, and, from 1876 
1878, Contractor’s Engineer the Syracuse, Geneva and Corning Rail- fact 
road. October 10, 1878, entered the service the and Pacific 
Railroad, Pueblo, Colo., under the late Robinson, Am. Soe. 
then Chief Engineer that road. 


During the period Mr. Drake’s early service with the Atlantie and 
Railroad, that road was not yet part the Santa System, but, later, 


these two Systems joined effort reach the Ocean, the Santa 
conducting reconnaissance way Gila Canyon and Tucson, Ariz. 
The line was built afterward way Benson, Ariz., which now the 
main line the Southern Pacific. While connected with the Atlantic and 
Railroad Mr. Drake served various such Locating 
Engineer, and Resident Engineer charge all construction west Diablo. 
the spring 1882, was appointed Chief Engineer the Atlantic and 
Pacific Railroad, succeeding the late Lewis Kingman and Holbrook, his 
Members, Am. Soc. E., his predecessors, who had left the service. him 
remained that position until October, 1884, when returned the Santa 
System and was sent Indian Territory, Colorado. built 
the Denver and Santa Railroad, and remained its Superintendent until the 
the winter 1891. 
the latter part 1891, and 1892, Mr. Drake engaged private 
tice Civil Engineer. During this time, Mr. Frank Murphy, Stat 
the Congress Mine, conceived the idea building railroad from Ash 
Fork, the main line the Santa Railroad, Phenix, Ariz., via Con- 
gress. When the organization for the building this road was formed, Mr. 
Drake was chosen one the three Locating Engineers, and, 1895, 
was made Chief Engineer what was then called the Santa Fé, Prescott 


Memoir prepared Howard Reed, Assoc. Am. Soc. 
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and Railroad, which for many years Mr. Murphy was President 
and Mr. Drake, Chief Engineer. his duties Chief Engineer were added 
those Superintendent and, later, General Manager and Assistant the 
President. was with this latter road, and with the California and Arizona 
Branch, that Mr. Drake was more intimately associated, and well known 
wherever these lines are known. 

The California, Arizona and Santa Railroad Company, subsidiary 
the Santa System, was organized 1912. This company leased the Santa 
Fé, and line, retaining its entire official personnel. Later, 
Mr. Drake became Vice-President these lines, the affairs the Santa Fé, 
and Railroad Company having been carried independently 
under his direction, until August, 1921, when the road was merged with divi- 
sion the Santa Fé, and was operated such until the fall 1921. then 
lost its identity independent railroad, being merged with the Santa 
System, under the name the Santa Fé, Prescott and Phenix Lines the 
Atchison, Topeka and Santa Railroad. 

Practically all the railroads the northern part Arizona are the result 
Mr. Drake’s genius and industry, built the Bradshaw Mountain Rail- 
road, the Verde Valley Railroad, and the Phenix and Eastern Railroad, 
fact, 572 miles railroads (exclusive the original Santa Fé, Prescott and 
Phenix and part the Phenix and Eastern), through country rough 
and mountainous that the obstacles encountered would have proved insur- 

mountable other than men ingenuity and ability such Mr. Drake and 
Mr. Murphy, with whom was associated for many years. These men 
were successful all their operations, which were constructive every par- 
ticular. 

The following tribute was paid Mr. Drake, the Official Magazine 
the Atchison, Topeka and Santa Railroad, 1922: 

“Mr. Drake has had years service with the Santa Fé, period 
zeal and intelligent effort which may well feel proud.” 

Mr. Drake was most charming gentleman, modest his demeanor toward 
his fellow men, and one whose society was always prized those who knew 
him intimately. 

was for many years Director the Phenix National Bank, one 
the largest financial institutions Arizona, and also took great interest 
the community which lived (Prescott, Ariz.) and the entire State, 
working all times for its betterment. 

Mr. Drake survived his wife and three daughters, who, with the entire 
State Arizona, mourn his loss. 

his death, Arizona lost one her representative and most respected 
citizens, and the Society one its members whom those who had the good 

fortune know him have always looked with pride. 
Mr. Drake was elected Member the American Society Civil Engi- 
neers December 1883. 
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FRANK HENRY HAMILTON, Am. E.* 
Diep .23, 1923 


Frank Henry Hamilton, the son the late Henry and Rose Hamil- 
ton, was born Springfield, August 1873. received his early 
education the Stuart School, and was graduated from the Springfield High 
School 1891. then entered the College Civil Engineering the 
University Illinois, from which was graduated 1895. 

May, 1895, Mr. Hamilton was appointed Assistant City Engineer 
Springfield and served this capacity until May, 1897, when was appointed 
City Engineer. held this position until the commission form govern- 
ment was adopted, and was elected Commissioner the Department 
Streets and Public Improvements. 

During his long service the civic affairs Springfield, Mr. Hamilton 
was contributing factor the growth the city. designed and had 
charge the construction 125 miles brick pavement, miles asphalt 
pavement, miles macadam pavement, three sewerage systems, and 
miles lateral sewers. also remodeled the Water-Works Pumping Station, 
which work included the writing specifications for pump, 
boilers, ete. designed and constructed concrete dam across the Sangamon 
River, and four permanent iron arches across street intersections, for city 
decoration. also made the surveys and plans for three subways, plans for 
the Isolation Hospital, for pavilion for Reservoir Park, well for repairs 
and additions various city buildings, bridges, etc. 

Mr. Hamilton’s work was not confined Springfield, but also included 
other cities the State. designed improvements, and addition, includ- 
ing brick smokestack, for the Water-Works Pumping Station Mendota, 
and was employed Consulting Engineer for water-works plant Clin- 
ton. also designed sewerage system for New Berlin, and was expert 
witness the sewerage system case for Litchfield, and Consulting Engineer 
paving and sewer work for Lincoln, Havana, and Abington. designed 
reinforced concrete bridges for Riverton, and designed and superintended the 
construction several iron bridges Sangamon County, 

Mr. Hamilton designed fireproof addition the main building the 
Sangamon County Poor Farm, and storage barns, iron bridge and 
crete dam the Poor Farm grounds Buffalo. also designed several 
office buildings and residences Springfield, Pawnee, Divernon, and other 
cities 

served the Engineering Department the Chicago, Peoria, and 
Louis Railroad reconstruction work, and engineering work 
coal mines Central was also employed the Illinois State 
Board Agriculture Engineer for the Illinois State Fair Grounds, the 
design sewerage system, surveys for water mains, roads, race tracks, 


location buildings, ete. January 23, 1899, passed examination 


Memoir compiled from information file the Headquarters the Society. 
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for Licensed Architect before the Illinois State Board Examiners 
Architects. 

Mr. Hamilton had creditable war record. 1890, joined the Fifth 
Infantry the Illinois National Guard and was promoted fill successive 


offices until attained the rank First Lieutenant Company 1897, 


was transferred the Engineer Corps with the rank Captain. the 
outbreak the Spanish-American War, was appointed First Lieutenant 
the Second Regiment the Volunteer Engineers. From 1899 1906, 
served Captain the Corps Engineers the Illinois National Guard. 

designed and superintended the construction the sewerage system 
and the drives Camp Lincoln, the permanent camp the Illinois National 


Guard, and made drawings for Gen. McClernand, showing the position 


troops the Battle Shiloh for the use the Shiloh Battle Field 
Commission. 

Mr. Hamilton survived three sisters, the Misses Ella V., Annie, and 
Mollie Hamilton, with whom had made his home, and whom his devo- 
tion was ideal. 

Mr. Hamilton had that personal magnetism that holds and keeps friend- 
ship. was for nearly thirty years leader the engineering work 
Springfield and contributing factor its development. will remem- 
bered the city for his public service and his many friends for his fine 


traits character. 


State 


the 
tracks, 


ty. 


was member the Phi Delta Theta Fraternity, the Elks, the Knights 
Pythias, and the Red Men. was also member the Advisory Board 
Structural Engineers Illinois, and the Lincoln Home Camp No. 64, 
United Spanish War Veterans. 

Mr. Hamilton was elected Member the American Society Civil 
Engineers June 10, 1910. 


CHARLES FRANK HEALEY, Am. Soe. E.* 


Diep 27, 1922 


Charles Frank Healey was born Aurora, May 28, 1877, and 
received his early training the schools Chicago, 

1894, became Rodman for the Illinois Central and the Yazoo and 
Mississippi Valley Railroad Companies, and remained with these Companies 
until 1904, having risen the rank Assistant Engineer charge main- 
tenance way. 

The Chieago, Burlington and Quincy Railroad Company had acquired the 
Jacksonville and St. Louis Railroad—a lightly built road through agricul- 
tural country—and had begun develop the line for heavy traffic northward 
from the Illinois Central coal field. Mr. Healey was offered position 
and Consulting Engineer this work. Considerable re-location was 
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required order avoid sharp curvature, heavy cuts and fills and thus 
reduce grades, well the construction long sidings and terminals 
accommodate the increased traffic, and his previous experience the 
Central Railroad brought him into close touch with every type problem 
his new assignment. Mr. Healey had the work well hand, and competent 
corps organized, when was asked take charge location and construction 
the Western Extension the Chicago, Milwaukee and St. Paul Railroad. 
His first work was preliminary surveys the Snoqualmie Pass and Cascade 
Mountains, very difficult country, and was done the entire satisfaction 
the ranking engineering officers the road. 

Mr. Healey was then assigned make trial location through Lola Pass, 
and, after this was found impracticable, was directed run series 
lines order plot accurately the topography the Bitter Root and 
Lolo Valleys their junction. 

After the completion this work, was assigned run the preliminary 
and final location surveys into the Hell Gate Canyon, through the foot-hills 
the Rocky Mountains, east Missoula, Mont. The line was built the 
route located. Having completed the location, Mr. Healey was placed charge 
the construction the Fifth District the Western Montana Division, 
which included some the heaviest construction the Western Exten- 
sion the road. this work, Pearson, Am. Soe. E., has 


written: 


“The construction the Pacific Extension the Chicago, Milwaukee and 
St. Paul Railroad, which was Chief Engineer, was pushed through rapidly, 
and with high standards location and construction. The accomplishment 
was brought about the assistance engineers who were skillful, indefati- 
gable, and possessed keen vision the problems ahead and their solution. 
Prominent among these was Charles Healey, whose personality occasioned 
the addition strong friendship that his high professional standing.” 


During the period, October, 1908, April, 1910, Mr. Healey 
ciated with Fuller and Manley, Consulting Engineers, Tacoma, Wash., 
charge field crews surveys for heavy mountain railway lines and various 
power-plant developments. 

From April, 1910, September, 1911, was member the firm 
Styles, Creelman, Putnam, and Healey, Tacoma, engaged general 
tracting, constructing reinforced concrete buildings, bridges, etc. 

September, 1911, Mr. Healey became Assistant Chief Engineer 
Gravity Water Supply for Tacoma, and had field charge the design and 
construction the 500 000 plant, including head-works, dam, 45-mile 
stave pipe line, and 000-gal. reservoir. 

July, 1912, returned railroad work, and served Locating 
neer for the Chicago, Milwaukee and St. Paul Railroad, having responsible 
charge 1000 miles exploration and preliminary and 100 miles railroad 
location. 

From April September, 1913, Mr. Healey served Locating 
with the Washington State Highway Department, and located the 
through the mountain districts that State. From September, 
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April, 1915, was engaged Locating Engineer and Deputy County Engi- 
neer Pierce County, Washington, which position, located some heavy 
mountain roads and had charge the hard-surfacing other roads. 

From April November, 1915, Mr. Healey was employed the Tacoma 
Smelting Company Field Engineer charge the large extension the 
copper smelting plant Tacoma, and from November, 1915, February, 1917, 
was engaged the Bureau Engineering the City Chicago special 
investigations reference efficiency and settlements various contracts. 
February, 1917, became Assistant General Manager the United Engi- 
neering Company, Chicago, charge the construction and operation 
plants for the scientific reduction garbage. 

Mr. Healey was commissioned Captain the Engineer Reserve Corps 
July 1917, and was ordered active service September, 1917, Fort 


Kans. was detached from the Training Camp December 


and shortly thereafter ordered overseas, where served the staffs 
Generals Harboard and Atterbury, charge rail transportation. 
was honorably discharged January, 1919, but retained his rank the 
Engineer Reserve Corps, and became Major November, 1922. 

returning Chicago 1919, re-entered the service the City 
Chicago the Bureau Engineering, and August, 1919, was made 


which position held until his death. high official the Chicago Depart- 
ment Public Works has said him: 

“Major Healey was red-blooded, patriotic man, sterling, lovable char- 
acter, efficient engineer, executive high order, and one God’s noble- 
men; and his death the City Chicago has lost one its most valued 
servants.” 

Maj. Healey took tremendous pride his work; was actuated always 
the strictest and highest professional ideals; was good teacher, real 
leader, true friend. him, engineering was the greatest careers. 
delighted difficult piece location, complicated construction project, 
and glowed with enthusiasm when saw them working out under 
his hand. lavished them the utmost his ability, and inspired his 
associates with the pride he, himself, bore the accomplishment. his 
ethical standards Maj. Healey was, anything, too strict. him there was 
none other than the right course, where ethical considerations were involved. 
knew 

Such engineer must necessarily have been great inspiration the 


professional and personal qualities, was good teacher. the Western 
Coast, to-day, there are many rising young engineers who received severe 
early training under him and who hold his memory undying gratitude. 


took delight seeing these young men grow and take added responsibility. 


young worker who wanted learn. 


never asked others what would not himself. rain, sleet, 


the severest winter weather, bore the hardships the field with his 
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men. took risks that did not allow them take. led wherever 
there were difficulties. was true friend, and never failed those who had 
won his confidence. His unflagging interest followed each and every man who 
had worked with him and had rendered honest, painstaking service. 

from such leaders, such teachers, that American engineering has 
drawn its inspiration. There are many young engineers who remember Maj. 
Healey with reverence and gratitude. 

1898, was married Miss Irene Wyllie, who, with two daughters, 
Kathryn and Ruth, survives him. 

was Member the Western Society Civil Engineers, Thirty- 
second Degree Mason, Shriner, and Elk. 

Mr. Healey was elected Associate Member. the American Society 
Civil Engineers June 30, 1910, and Member October 1917. 


FRANK WELLINGTON HODGDON, Am. Soc. E.* 


Diep 26, 1923. 


The Commonwealth Massachusetts lost faithful servant rare quality 
the death Frank Wellington Hodgdon, Engineer the Public Works 
Department the Commonwealth. was devoted the service the 
Commonwealth, found happiness and contentment its opportunities, and 
declined offers more lucrative positions private engineering practice. 
His outstanding transparent honesty purpose was one his great charms. 
This, with his many years service and the wide acquaintance that this 
brought among legislators, led hundreds informal and confidential con- 
ferences earnest representatives the General Court who were doubt 
amid the confusion testimony how best serve the interests the 
Commonwealth. His intercourse with contractors harbor works around 
Boston and all along the coast was marked rare and kindly spirit 
service. freely advised them out his long experience, without thought 
other compensation. 

the Town Arlington had been model citizen for fifty years, 
serving freely great variety committees having with town 
improvements, and also giving notable service the material affairs the 
old Congregational Unitarian Church, which had been Treasurer for 
twenty-five years and for many years Deacon. 

Frank Wellington Hodgdon, son Dr. Richard Lord and Maria Welling- 
ton Hodgdon, was born West Cambridge, now part Arlington, 
January 12, 1856, the family homestead now standing the corner 
Wellington and Pleasant Streets. His maternal grandfather, Dr. Well- 
ington, was the leading physician the town during his time, and was 
succeeded Mr. Hodgdon’s father, who outside his medical service took 
lively interest public affairs and was member the town’s earliest 
Board Public Water Supply. 


Memoir prepared John Freeman, Past-President, Am. Soc. E., and John 
Ferguson, Am. Soc. 
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After attending the Arlington schools Mr. Hodgdon studied the Massa- 
chusetts Institute Technology from which was graduated 1876 with 
the degree Bachelor Science Civil Engineering. 

Mr. Hodgdon’s professional career, covering more than forty-seven years 
continuous service, was spent largely with successive State Departments 
the Commonwealth Massachusetts the development its coast and 
harbors. From 1876 1878, served Engineer with the Board Harbor 
Commissioners the reclamation the Commonwealth flats South 
Boston, Mass. June, 1878, was made Chief Engineer the Massa- 
chusetts Board Land Commissioners charge the surveys and’ construc- 
tion for the improvements and developments South Boston. This work 
included the designs and construction Piers Nos. and the “Horn”, 
near the entrance Channel, which are now owned the New 
York, New Haven and Hartford Railroad Company. 

1879, the Board Harbor and Land Commissioners was created 
the consolidation the Board Harbor Commissioners and other agencies, 
and Mr. Hodgdon, Assistant Engineer, was placed charge all engineer- 
ing and field work executed the Commissioners. The duties this 
Board, which were increased from time time Legislative 
were considerably enlarged and its jurisdiction extended include the 
Connecticut River, the non-tidal part the Merrimac River, and the great 
ponds belonging the Commonwealth, The greater part the work 
connected with the surveying and sale the Back Bay land Boston, Mass., 
which followed the reclamation the State, was done under Mr. Hodgdon’s 
direction, and descriptions deeds written him long hand may 
found the records this work. 

From 1892 1912, Chief Engineer the same Board, was given 
charge all work the Commonwealth the improvement and develop- 
ment Boston Harbor, the coast Massachusetts, and other projects under 
its jurisdiction. 

1910, Commonwealth Pier No. (Fish Pier), solid filled pier within 
masonry walls 1200 ft. long 300 ft. wide, was designed Mr. Hodgdon 
and contract let for its construction. The pier proper was leased the 
Boston Fish Market Corporation which erected its own buildings thereon, the 
State furnishing, addition the pier proper, the paving, drains, and water- 
supply mains. 

1911, the extent the duties and responsibilities Harbor and Land 
Commissioners was decreased the creation Board Directors the 
Boston, whieh was given full authority operate well 
construct piers and other public works and provide terminal facilities 
Boston Harbor. Hodgdon was appointed Chief Engineer this 
Board anuary, 1912. connection with the developments carried 
the Board, the most important structures designed and built under his 
direction are briefly the following paragraphs. 

the latter part 1912, designs were made for the construction 
Commonwealth Pier No. This pier one the best equipped freight and 
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passenger sheds the United States, 1200 ft. long 400 ft. wide, and has 
two-story steel and concrete sheds. There are six railroad tracks extend- 
ing nearly its entire length, with supporting railroad yard, and, for 
the second floor, there also viaduct from Summer Street, which spans 
the railroad tracks and approaches the lower level. 

The preparation plans and specifications for the construction the 
Commonwealth Dry Dock South Boston, the second largest dry dock 
the world, was completed 1914, and the dock was built the years follow- 
ing under Mr. Hodgdon’s direction. constructed concrete masonry 
faced with granite, 1200 ft. long over all, with minimum width the 
entrance 120 ft. and depth ft. over the sill mean low water. 
equipped with docking facilities, such approach piers, floating steel 


caisson, pumping plant, power and hand capstans, electrical installation, and 


other appurtenances. The dock was completed under the administration 
the Commission Waterways and Public Lands 1919. 

1916, the powers and duties the Directors the Port Boston 
and those the Board Harbor and Land Commissioners were re-combined 
and placed under the jurisdiction the Commission Waterways and 
Public Lands. August 15, 1916, Mr. Hodgdon was appointed Engineer 
with this Commission charge all engineering and development work 
Boston Harbor, which position held until the termination the Com- 
mission 1919. The principal developments under his direction that 
time were follows: The completion the Commonwealth Dry Dock; 
the design and construction Commonwealth Pier No. East Boston, 
built the former location the old Eastern Railroad Terminal; studies 
for the development Haywards Creek Quincy, Mass.; and studies for 
the development Commonwealth flats East Boston. Commonwealth 
Pier No. has one-story wooden shed and 400 ft. long 150 ft. wide, 
with depressed center railroad track connecting with the Boston and Albany 
Railroad. 

1919, the Commission Waterways and Public Lands was succeeded 
the Division Waterways and Public Lands the Department 
Public Works, and December 1st that year, Mr. Hodgdon was appointed 
Chief Engineer this Division charge harbor and waterway 
ment throughout the State. 

His work with this Division included the continuation the development 
well the reclamation the lands East Boston. comprehensive 
scheme for projected layout for piers and docks the East Boston 
front was made him well studies, plans, and specifications for the con- 
struction aeroplane landing field and layout, and railroad 
necting this land East Boston with the lines the Boston and 


Railroad. Under his direction, plane-table sheets were made covering the 


entire water-front and connecting estuaries Boston Harbor, well 
parts the river banks the important rivers within the State. 

connection with other State work, Mr. Hodgdon was appointed 
the late Governor Wolcott, 1897, member the Commission 
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Topographical Survey and Map Massachusetts, make survey city 


and town boundary lines within the State. completed the work 1915, 
after the Commission was abolished and its duties transferred 1901 
the Harbor and Land Commissioners. co-operation with officials 
adjoining States, surveyed and monumented the State lines, having 
served Special Commissioner the lines between Massachusetts and 
the States Vermont and New Hampshire. 

the powers the Act incorporating the Boston, Cape Cod, and New 
York Canal Company, the Massachusetts Harbor and Land Commission was 
required approve modify the plans for the location and construction 
the canal, and, Consulting Engineer, Mr. Hodgdon, after examination, 
reported and proposed some modifications these plans. the same Act, 
the Board Harbor and Land Commissioners and the Railroad Commission 
were constituted Joint Board supervise the construction the canal. 
September, 1909, Mr. Hodgdon was appointed Engineer the Joint 
Board, and was engaged checking the character and amount work done 
and making reports engineering questions until January 29, 1914, when 

Mr.. Hodgdon had designed and supervised the construction numerous 
breakwaters, jetties, and sea walls for the protection harbors, rivers, and sea 
coast, and had made improvements navigation the construction 
anchorage basins and the dredging and straightening channels, among 
which were the following: 

1896-97 and 1908, jointly with the Engineer the State Board 
Health, made estimates and reports costs the improvement Green 
Harbor, and was frequent consultation with that Board and its Engineer 
various proposed river improvements. 

Various surveys and reports estimated costs were also made him 
the construction canal from Narragansett Bay through Taunton, 
Brockton, and Weymouth, Mass., Boston Harbor, through Fore River. The 
design was for ship canal uniform depth ft. and width 130 ft. 
the bottom with side slopes earth, and 180 ft. wide with 
vertical sides rock and with fourteen locks. The total estimated cost 
was $57 000 000. 

One Mr. Hodgdon’s latest important engineering reports, published 
March, 1921, was made jointly with Ernest Springer, Chief Engineer 
the Transit Department, Engineers the Joint Board comprising 
the Division Waterways and Public Lands the Department Public 
Works and the Transit Department the City Boston, relative 
traffic tunnel connect Boston and East Boston. The report recommending 
two tubes, each with two lines vehicles, built under Boston Harbor, 
careful study traffic conditions, the making wash borings 
for the determination the location, the investigation ventilating equip- 
sufficient exhaust poisonous combustion gases, and study several 
methods financing the cost and operation. 
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Mr. Hodgdon also made report covering the cost requirements sug- 
gested property owners along Broad and Lechmere Canals the City 
Cambridge, Mass., and investigated and reported the cause the break 
the dam built Cooley Brook, Chicopee, Mass., and the result 
damage done the flood therefrom July, 1922. 

Since 1908, had been engaged Consulting Engineer for the Florida 
Coast Line Canal and Transportation Company the construction its 
canal from St. Augustine Key West, Fla. 1911, was appointed 
President Arosemena member the Boundary Line Commission 
represent Panama the boundary arbitration between Costa Rica and 
Panama. also acted Consulting Engineer connection with the 
construction terminal the Bangor and Aroostook Railroad Sears- 
port, Me. 

meeting the International Association Navigation Congresses, 
held Philadelphia, made report the mechanical equipment 
ports, which was published 1912. 

Mr. Hodgdon was member the following societies and clubs: Boston 
Society Civil Engineers, New England Water Works Association, Engi- 
neers’ Club, Technology Club, and City Club, Boston, International 
ciation Navigation Congresses, Boston Chamber Commerce, Real 
Estate Exchange, Arlington Historical Society, Middlesex Sportsman’s Asso- 
ciation, Unitarian Layman’s League, and the Arlington Men’s Clubs. 
was also Past-President the Boston Society Civil Engineers, and 
member the Massachusetts Institute Technology Alumni Council, rep- 
resenting the Class 

was member the Water Department Arlington for many years, 
well the Finance Committee. was alive the welfare his home 
town and gave suggestions and advice matters great importance town 
meetings and elsewhere. When the form Town Government was changed, 
Mr. Hodgdon was elected represent his Precinct its Town Meeting 
Member, which office held the time his death. 

Mr. Hodgdon was widely known, and his opinions were eagerly sought, 
particularly with reference harbor and pier development about which 
was considered authority. His retentive memory accumulated mass 
information the result his wide engineering experience, and was 
thereby able, and, when requested, ever ready advise counsel. was 
honorable and just and was admired all who knew him. His last day 
the office was the sixty-seventh anniversary his birth. 

was devoted his home and family. October, 1886, married 
Grace Plumer, the daughter Captain William Plumer Lexington, 
Mass., and survived his widow, two sons, Dr. Wellington Hodgdon, 

Public Health Commissioner, Pasadena, Calif., and Richard Hodgdon, 

Arlington, and daughter, Mrs. Nancy Tuttle, Lawrence, Mass. 

also survived brother, Dr. Andrew Hodgdon, Dedham, and 

sister, Miss Ellen Hodgdon, Arlington. 

Mr. Hodgdon was elected Member the American Society Civil 

Engineers December 1884, and served Director from 1907 1909. 
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GUSTAVE KAUFMAN, Am. Soc. E.* 


Diep 15, 1923 


Gustave Kaufman was born Allegheny, Pa., February 14, 1859. 
received his technical education the Rensselaer Polytechnic Institute, 
Troy, from which was graduated 1880, and immediately there- 
after began the practice his profession. 

His first position was with the Engineering Department the Pennsylvania 
Railroad, Pittsburgh, Pa., with which served various capacities for 
about five years. was then appointed Chief Engineer the Pittsburgh 
and Western Railroad which was built under his direction and which after- 
ward became part the Baltimore and Ohio Railway System. 

the late Eighties, Mr. Kaufman became associated with Mr. 
Ferris, one his classmates Rensselaer, and under the name Ferris, 
Kaufman and Company, the firm undertook the construction several large 
bridges which were successfully completed. Perhaps the most important 
among these are the highway bridges across the Ohio River, one Cincinnati, 
Ohio, one Wheeling, Va., and two across the Allegheny River, 
Pittsburgh. Later, Mr. Kaufman played most important part the de- 
velopment the Ferris Wheel for the World’s Fair Chicago, 1893, 
and gave valuable advice the inventor and promoter from the inception 
the project. 

1900, Mr. Kaufman moved his office and practice New York City where 
enteréd the contracting field. With various associates, was engaged 
contracts different times for important works connection with bridge 
and railway construction, notably the New York piers the Manhattan 
Bridge over the East River, several very large retaining walls Staten 
Island, and many viaducts connection with the track elevation the Long 
Island Railroad. 

Those who were among his intimate friends will remember Mr. Kaufman 
loving and affable personality, who was held the highest esteem 
all who came contact with him, either socially professionally. died 
New York City February 15, 1923, pneumonia, and survived his 
widow. 

Mr. Kaufman was elected Member the American Society Civil 
Engineers May 1890. was also member the Engineers’ Club 
New York City, well several other organizations. 


JOHN ALEXANDER MACNICOL, Am. 


Diep January 11, 1923 


John Alexander Macnicol was born Aberdeen, Scotland, July 17, 1856, 
and received his early education England. 


Memoir compiled from information file the Headquarters the Society. 
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From 1874 1875, studied and practised Civil Engineering under the 
Captain Royal Engineers Yorkshire, England. 1876, came 
Canada where studied and practised land surveying the Province 
Quebec, until 1879. Having removed the United States, Mr. was 
engaged from 1880 1882 the primary triangulation the New England 
States under Gen. Cutts, the Coast and Geodetic Survey. Dur- 
ing his last season this work, was charge observations 
Mt. Washington and the preliminary surveys and estimates the new Wash- 
ington Aqueduct under Capt., now Brig.-Gen., Hoxie, (Retired), 
Am. Soc. June, 1882, Mr. Macnicol received the degree 
from Dartmouth College. 

From 1883 1888, was connected with the Bridge Department the 
Edge Moor Iron Company, and during the last year and half this period 
served Engineer charge the office. From 1888 1892, was Bridge 
Engineer for the New York, Providence, and Boston Railroad Company and 
designed the Mystic Drawbridge for that Company. 

From 1892 1895, Mr. Macnicol was employed Engineer and Manager 
the Hamilton Bridge Company, Hamilton, Ont., Canada, the design and 
manufacture bridges and structures iron and steel, and was afterward 
connected with Horton and Hemenway, Builders and Contractors, Provi- 
dence, 

During the last twenty years his life, Mr. Macnicol was associated with 


the Snare and Triest Company, now the Frederick Snare Corporation, with 
headquarters Havana, Cuba. 

died his home Asheville, C., January 11, 1923, and sur- 
vived his widow. was Thirty-second Degree Mason. 

Mr. Macnicol was elected Member the American Society Civil 
Engineers September 1897. 


WILLIAM McNAB, Am. Soc. E.* 
Diep 23, 1923. 


William McNab was born Irvine, Scotland, January 14, 1855. Com- 
ing Canada early life became resident Montreal, Que., where 
lived for more than half century. entered the service the Grand 
Trunk Railway Company Draftsman 1870, was appointed Chief Drafts- 
man 1887, and Assistant Engineer 1896. became Principal Assistant 
Engineer the System 1907, Valuation Engineer 1916, and Chairman 
the Valuation Committee 1918, which position held the time 
his death. 

Mr. standing his profession led his being chosen for im- 
portant offices various engineering associations, both the United States 
and Canada. was elected Director the American Railway Engineer- 
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ing Association 1905, and after holding office Second Vice-President, 
First Vice-President, and Chairman many committees, became Presi- 
dent the Association 1908, and was re-elected that office the follow- 
ing year. this organization, not only did much broaden the work 
railway engineering, but also promote friendly relations between Amer- 
icans and Canadians this great branch public service. Mr. McNab 
delivered the address welcome President Taft, the Convention the 
Association, Chicago, 1910. 

His work with other engineering societies was also valuable. addition 
his activities the American Railway Engineering Association, Mr. 
McNab was member the Council, and various times Librarian, the 
Engineering Institute Canada. 

was widely known not only railway and engineering circles, but 
also religious and civil life. His character fittingly described the 
following words the Rev. Dr. Dickie, Pastor Knox Crescent Presbyterian 
Church, Montreal, which Mr. was Elder: 

“As pay these last offices respect our departed friend, remember 
his kindly genial nature. was generally full good humor, and his 
genial good nature made him host friends all walks life. was 
one those goodly ministers sunshine who gladden life and cheer spirits 
wherever they go. 

“We remember his catholic sympathies. Though was Scot, was 
also Canadian and had for our French-speaking fellow-citizens deep respect 
and affection, and numbered many them among his good friends. Strong 
his own beliefs, was tolerant the religious beliefs others, matter 
how they differed from his. such lives his that must look for 
united nation. 

“We remember his devotion duty. Trained engineer, devoted 
his life his profession. rose from the bottom the top his pains- 
taking devotion duty. had the pleasure seeing his work recognized 
and appreciated his fellows the profession. 

“We shall all miss his genial, manly spirit, and our church will miss his 
wise counsel, his good fellowship, and his devoted services.” 

Mr. McNab was married 1886 and survived his widow, three sons, 
and one daughter. 

was elected Member the American Society Civil Engineers 


December 1908. 
SAMPSON DOUGLAS MASON, Am. Soe. E.* 
Diep 11, 1923. 


Sampson Douglas Mason, the son Sampson and Mary White (Church) 
Mason, was born Concord, Mass., July 31, 1849, and became the fifth 
Sampson many successive generations the old Boston family 
Masons. The first the name come America was Arthur Mason, called 
the old records “biscake who supposed have settled 
Boston 1639. The third Sampson Mason, was Boston boat builder and 


Memoir prepared Fred. Wood, Esq., Brookline, Mass. 
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served during the Revolutionary War matross artillery regiment. became 
His home was Wing’s Lane, now Elm Street, about where the center line 
Washington Street now intersects. 
Sampson Douglas Mason entered the Massachusetts Institute Tech- 
nology with the first class, under William Barton Rogers, and was graduated Mr. 
1870, having had classmates Professors Richards and Cross, long iden- ment 
tified with the Institute, Professor Green, the University Michigan, 
and the late Edmund Turner, Am. Soc. E., long prominent rail- bee: 
road work. neer, 
Following his graduation, Mr. Mason engaged the general practice age lin 
surveying and around Charlestown, Mass., for about year. The filling Sound 
the Back Bay District Boston was then approaching completion, and Washi: 
much the work laying out the streets, etc., was assigned him. From Alt 
1871 1879, was associated with the Detroit, Hillsdale, and Indiana, matter 
and the Detroit, Eel River, and Illinois Railroads, having served Chief World 
Engineer and Treasurer the latter for four years, until its absorption 
the Wabash Railway Company. 
1880, the long deferred completion the Northern Pacific Railroad caused 
was assured, and Mr. Mason secured position Resident Engineer, with remov 
headquarters first St. Paul, Minn., charge laying out the terminal 
yards. was soon sent Brainerd, Minn., and, later, became Assistant 
Engineer construction. 1881, was advanced the position Prin- Doug] 
cipal Assistant Engineer under the late Adna Anderson, Am. rejoice 
and assumed charge the offices St. Paul. Mr. Mason retained this 
position during the location and construction the main line the Coast, sional 
and, later, under Chief Engineer Kendrick, Am. E., was for 
engaged the location and construction branch lines the Dakotas and pany 
Montana and the maintenance the main line. Although not officially from 


for design execution connection with this work, was gen- pers 
erally recognized that Mr.,Mason’s genius permeated the engineering suc- 
cesses the road while his personality did much create the esprit and 
corps and maintain the morale which distinguished the Northern forces 
the early days. ment, 
1882, the strain his work proved severe that secured leave 

absence for voyage the Azores, returning Boston March, 1883, 
and resuming his work St. Paul shortly afterward. The Northern Pacific 
Company was organizing its operating force about this time, the road old 
was nearly completed, and Mr. Mason was offered the position Superin- 
tendent the Mountain Division which extended from Helena, Mont., Jane 
Hope, Idaho. felt that the ocean trip had not fully restored his health, 
declined the offer. his 
July, 1892, Mr. Kendrick was succeeded Chief Engineer the 
Northern Railroad Company William Darling, Am. Maso 
E., and the position Principal Assistant Engineer St. Paul was Calif 
abolished. Mr. Mason was Chicago, for short time, and after 
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became, for four years, Assistant Purchasing Agent the Northern Pacific 


Railroad Company. afterward served Assistant Auditor the Northern 
Coal Company, with headquarters Tacoma, Wash. 
1896, twenty-six years after his graduation and the age forty-seven, 


Mr. Mason passed the Civil Service examinations and entered the Govern- 
ment service Inspector the Corps Engineers. held this 


position for one year, when, before, his abilities brought recognition, and 
became successively Superintendent, Junior Engineer, and Assistant Engi- 
neer, holding the last position until his retirement 1923 account 
age limit. During this period, was engaged fortification work Puget 
Sound Forts Casey and Flagler, and, for many years, Fort Worden, 


Washington. 


Although Mr. Mason reached the legal age for retirement 1919, the 
matter was deferred, owing his own desire and the exigencies the 
World War, but finally became effective February 20, 1923. had 
purchased house Tacoma and had spent much his time preparing for 
the exposure and exertion which this work entailed 
caused his final illness, for his return Fort Worden, prepare for 
removal, developed pneumonia and passed away after illness only 
few days. 

Nature has seldom created men the sweet genial disposition Sampson 
Douglas Mason. Envy and spite had place his mind, and heartily 
his friends’ prosperity, even when they attained prizes which many 
thought should have been his. always had kindly word and profes- 
sional tribute for his Chief who had been Rodman under him. Applicants 
for work the Engineering Corps the Northern Pacific Railroad Com- 
pany made their appeal Mr. Mason, and each man who journeyed West 
from St. Paul, bound for secured position, seemed feel that had left 
personal friend the main office, while rejections were made sympathet- 
ically that they carried sting. the writer, his cousin few removes 
and his loyal subordinate the Northern Pacific for three years, was ever 
inspiration for better manhood, practical help hours discourage- 
ment, and valued friend through life. 

1916, Mr. Mason attended the reunion the Massachusetts Institute 
Technology and the dedication the new buildings, Cambridge, Mass., 
great joy him renewing old friendships and revisiting 
old scenes. 

While construction work Columbia City, Ind., met Miss Emma 
Jane Wonderlich whom was married December 30, 1873. She 
died May 26, 1887, their home Merriam Park, Minn., and thereafter 
his life was one unselfish devotion his four children. survived 
his daughters, Mrs. Frederick Beebe, Tacoma, Wash., and Miss Marion 
Mason, Fort Worden, and his sons, Sherman Mason, Long Beach, 
and Roy Mason, Tacoma. 

Mr. Mason was elected Member the American Society Civil Engi- 


MEMOIR DAVID REEVES 


DAVID REEVES, Am. E.* 


Diep 1923 


David Reeves was born Philadelphia, Pa., March 27, 1852. was 
the son the late Samuel Reeves, Am. Soc. E., and Margaret 
(Handy) Reeves, and the grandson David Reeves who was President 
the Phenix Iron Company from 1855 1871. His father was President 
that Company from 1871 until 1878. 

David Reeves was graduated from the Rensselaer Polytechnic Institute, 
1872, with the degree Civil Engineer, and immediately entered the firm 


Clarke, Reeves, and Company, then one the largest bridge building firms 


the United States. 1878, succeeded his father President the 
Phenix Iron Company, and, 1884, was also elected President the 
Phenix Bridge Company, successors Clarke, Reeves, and Company. 
was President both Companies the time his death. 

During his term President the Phenix Iron Company, many changes 
were made the plant Pa. 1882, new foundry and pat- 
tern storage shop was built. 1886, the manufacture steel was begun, 
and, 1888, the blooming mill, steel furnaces, and their appurtenances were 
constructed. this time, the product the works had been exclusively 
iron. During 1889 and 1890, two additional steel furnaces were built. large 
bridge shop was constructed, well large testing machine for full-sized 
specimens, which, that time, was the largest machine the kind the 
United States, and even now among the largest and best known. 

During Mr. Reeves’ term President the Phenix Bridge Company 
many important structures were built. Among them, the following are worthy 
special mention: 

1888, double-track railroad bridge, over the Ohio River Cincinnati, 
Ohio, with two roadways and two sidewalks. This bridge had two spans 
490 ft., one 550 ft., and viaduct approaches. 

1889, the Red Rock Cantilever Bridge, over the Colorado River 
Needles, Calif. This was railroad bridge, 990 ft. long, with suspended 
330 ft. 

1890, railroad bridge over the Ohio River Louisville, Ky., with one 
span 208 ft. in., three spans 546 ft., two 339 ft., and viaduct 
approaches. 

1891, the Pecos Viaduct, Texas, 180 ft. long and 320 ft. high, and the 
train-shed for the Philadelphia and Reading Railroad Company, Phila 
delphia, 259 ft. in. wide (covering thirteen tracks), 500 ft. long, and 
clear maximum height ft. 

1894, the Third Avenue Bridge over the Harlem River, New York City, 
lattice roadway swing bridge 302 ft. in. span, and the Cambridge 
Bridge, Boston, Mass., which had two roadways, two sidewalks, and 
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elevated railroad tracks, with eleven plate-girder arch spans from 101 ft. 
188 ft. in. long. 

1895, the Rock Island Arsenal Bridge over the Mississippi River. This 
double-track railroad bridge with roadway and sidewalks, with one swing 
span 365 ft. in., and seven fixed spans from ft. in. 258 ft. span. 

1898, the bridge over the Mississippi River between Rock Island, and 
Davenport, Iowa, single-track railroad bridge with three 200-ft. one 361-ft., 
and three 296-ft., spans, and approaches. 

1907, the Manhattan Bridge over the East River, New York City, sus- 
pension bridge with central span 1470 ft. and two side spans 725 ft. 
each. 

1912, the Juman River Bridge, India. This bridge has twelve single- 
track riveted spans 250 ft. in. each. 

During the same period, about miles double-track elevated structures 
were built New York City early 1878, well Louisville, Ky., 
Brooklyn, Y., Kansas City, and St. Louis, Mo., Chicago, and Philadel- 
phia. Among the largest structures this type were the following: miles 
the Kings County Elevated and the Fulton Street Elevated, Brooklyn; the 
St. Louis Merchants Terminal, St. Louis; 2.2 miles the Liberty Avenue 
Line, Brooklyn; and mile the Frankford Elevated, Philadelphia. 

His work, President these two Companies, was exacting, and required 
all the time busy man. the same time, was Director the Cam- 
bria Iron Company, which his father was one the organizers. 

Mr. Reeves devoted his life the burden laid him from his early man- 
hood; and for nearly fifty years held the lever that controlled large and 
prosperous industry, and died—as doubtless would have wished—in harness. 
Iron was his life work, his master, and his slave, and the shaping that 
malleable metal into bridges and buildings, devoted the best years his 
life. made study his chosen industry, and theory well 
workmanship was recognized leader. 

Mr. Reeves was man innate dignity and rare courtesy. Reticent 
speech and reserved manner, there was something his look and bearing 
noble birth and breeding. was man indomitable will that over- 
came all obstacles, and his judgments and decisions were rooted well- 
balanced mind. had courtly grace speech and manner suggestive 
olden days, and face, figure, and bearing that, once seen, were seldom for- 

gotten. this age, when much that was value the past has been 
thrown into the discard, the writer feels that its fine reticence, its innate dig- 
nity and courtesy, still lived him. 

survived his widow, who was Miss Elise Fisher, one daughter, 
and two sons. was member the Engineers Club Philadelphia, 
the American Iron and Steel Institute, and several business and social 
organizations. 

Mr. Reeves was elected Junior the American Society Civil Engi- 
April 1874, and Member May 1882. 
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ALPHEUS TIMOTHY SABIN, Am. Soe. F.* 


Diep 15, 1923. 


Alpheus Timothy Sabin, the son Egbert and Amelia Newman Sabin, 
was born Oneonta, Y., December 27, 1855. acquired his early 
education his native town, and was graduated from the Rensselaer Poly- 
technic Institute June, 1878. 

Mr. Sabin began his engineering career August, 1878, Assistant 
Engineer with the United States Government survey the Missouri and 
Mississippi Rivers, which position held until July, 1879. 

Leaving the Government service, was engaged from September 
December, 1879, Assistant Engineer the Troy and Greenfield Railroad, 
and from March September, 1880, served Resident Engineer the 
Texas and Pacific Railroad. September, 1880, was appointed Bridge 
Engineer the Texas and Pacific Railroad, which position retained until 
May, 1881. During this time, had charge the construction many 
the principal bridges that road. also served Bridge Engineer the 
New Orleans and Texas Railroad from May October, 1881. 

Mr. Sabin was Bridge and Division Engineer for the Chesapeake, Ohio, 
and South Western Railroad from October, 1881, December, 1882, and had 
charge the construction the railroad from Dyersburg Covington, Tenn. 
held the position Principal Assistant Engineer the elevated rail- 
road Louisville, Ky., from January, 1883, July, 1884, and, such, did 
most the estimating for this work, and designed and built all the foundations. 

served Superintendent the Road Department the Chesapeake, 
Ohio, and South Western Railroad Company from October, 1884, December, 
1886, and was charge the track, bridges, and buildings the road from 
Louisville, Ky., Memphis, Tenn. 

January, 1887, Mr. Sabin was appointed Superintendent the Road 
Department thé Newport News and Mississippi Valley Company and served 
this capacity until December, 1891, when again joined the Chesapeake, 
Ohio, and South Western Railroad Company Chief Assistant Engineer, 
serving such from May, 1892, December, 1893, when was made 
neer Maintenance Way. this position, was charge main- 
tenance, well all engineering work, including the design and construc- 
tion large retaining walls Louisville and Memphis and also the 
bridges over the Tennessee and Cumberland Rivers. 

1896, the Chesapeake, Ohio, and South Western Railroad Company 
became part the Illinois Central Railroad Company, and Mr. Sabin served 
Assistant Engineer the latter Company until 1901. was then 
appointed Chief Engineer the Louisville and Atlantic Railroad Company, 
which position held until 1904, when was engaged Engineer for 
MacArthur Brothers Company, Contractors, Chicago, While with this 
firm, Mr. Sabin was employed work extending the Pacific Coast and 
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far north Edmonton, Alberta, Canada. Severing his connection with 
MacArthur Brothers Company 1910, Mr. Sabin was employed for time 
with John Marsh, noted Contractor Chicago, 

1912, Mr. Sabin opened office Columbus, Ky., where was 
engaged practice Consulting Engineer until his death January 15, 

was man most exemplary character, close student, and competent 
engineer. survived his widow who was Miss Anna Davis, 
Columbus, Ky. 

Mr. Sabin was elected Member the American Society Civil Engi- 
neers April 1896. 


WILLIAM STUART TAIT, Am. Soe. 
Diep 1923. 


William Stuart Tait, the eldest child James and Robina Newbigging 
Tait, was born Garmondsway Moor, Coxhoe, Durham County, England, 
May 27, 1885. 

Entering the field railway engineering pupil with Wills and 
Sons 1903, Mr. Tait quickly learned railway surveying and construction, 
and was soon promoted responsible charge work the Great Western 
Railway. Later, was charge construction for the same road. 

Coming the United States the fall 1909, soon displayed that 
versatile ability which marked his subsequent career. His first work was 
railway construction with the Traction System and with the North 
Missouri Central Railroad, which was Chief Engineer. less than 
year, however, became engaged the manufacture concrete block and 
tile, Chief Engineer the Chicago Structural Tile Company. 

During this time Mr. Tait had been quietly preparing for his entrance into 
the field Structural Engineering. order find opening this new 
work, which had had little practical experience, accepted position, 
1912, Draftsman with the Concrete Steel Products Company. less than 
six months, had been advanced the position Principal Assistant Engi- 
neer and had demonstrated his mastery reinforced concrete design. the 
fall 1913, became Vice-President and Chief Engineer active charge 
the Company’s operations. 1917, order capitalize Mr. Tait’s winning 
personality and rapidly growing reputation able Engineer, the name 
the Company was changed Tait Engineering Company, and was placed 
charge the design large number reinforced concrete buildings 
Principally the industrial type. 

1919, the Hydraulic Steel Company Cleveland, Ohio, entered 
Program expansion, and Mr. Tait was persuaded take charge the 
building material lines, including forms, reinforcing steel, This work 
was greatly limited the failure certain plans for bar production, and, 


_| 
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1921, returned Chicago and entered into partnership with Arthur Lord, 
Am. E., under the firm name Tait and Lord, Incorporated, 
Engineers. this business, continued, energetic and successful, until his 
death. 

April 26, 1910, Mr. Tait was married Miss Emma Gregory who, 
with three children, survives him. 

Any commentary his life would failed emphasize 
Mr. Tait’s attractive personality. The men his office considered him their 
best friend and other engineers invariably found him sympathetic and helpful. 

became American citizen and his various home communities 
always accepted readily the responsibilities leadership affairs. 

Always hard worker, Mr. Tait was active until three weeks before his 
death which occurred March 1923, following operation for the removal 
intestinal cancer. His loss the age 38, and the threshold 
years greater accomplishment, came great shock host friends. 

Mr. Tait was elected Associate Member the American Society Civil 
Engineers May 31, 1916, and Member December 1922. was 
also associated with other engineering societies. 


GEORGE BROWN ZAHNISER, Am. Soc. E.* 


24, 1922. 


George Brown Zahniser, the elder son the late Rev. George Zahniser, 
was born Huntingdon, Pa., November 1867. During his childhood, 
his parents moved Mercer, Pa., where received his early education, 
having been graduated 1884 from the High School that city. Following 
his graduation, attended Allegheny College, Meadville, Pa., where 
remained for one year, and from 1887 1889, continued his studies 
Lehigh University, South Bethlehem, Pa., having taken special course 
Civil Engineering. 

1889, Mr. Zahniser held the position Topographer with the New York 
and Chicago Air Line, from Butler, Pa., the Susquehanna River, and from 
September, 1889, February, 1891, served Transitman and Masonry 
Inspector the Cleveland and Pittsburgh Division the Pennsylvania 
Railroad. From March September, 1891, was employed Engineer 
charge design and construction vitrified brick paving Mercer. 

From September, 1891, November, 1892, was engaged Assistant 
Engineer Location the Conneaut Harbor Branch, and was charge 
field work the Erie and Ashtabula Division, the Pennsylvania Company 
New Castle, Pa. 

Mr. Zahniser was Resident Engineer Frick Coke Company 
Uniontown and Connellsville, Pa., from January, 1893, March, 1894. 
March, 1894, opened office New Castle Consulting Civil and 
Mining and was engaged such continuously until his death. 

During this period, served Chief Engineer the New Castle and 
Eastern Railroad, Engineer Charge the Beaver Coal and Coke Company, 
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Wampum, Pa., and the Mercer Iron and Coal Company Mercer, and had 
charge the design and construction water-works systems Stoneboro 
and West Middlesex, Pa. was also Engineer charge the design and 
construction the sewer systems Mercer and New Wilmington, Pa., and 
the layout the Fannie Furnace West Middlesex. 

Mr. Zahniser served Borough Engineer Mahoningtown, Pa., for three 
years, and was Engineer charge the Johnson Limestone Company 
and the development Graceland Cemetery, New Castle. was also 
Engineer charge surveys the New Castle and Beaver Valley Street 
Railway. 

1915, Mr. Zahniser was charge joint survey the right way 
for the Pittsburgh and Lake Erie Railroad, the Pennsylvania Railroad, the 
Baltimore and Ohio Railroad, and the Youngstown Steel Company, Youngs- 
town, Ohio. was also appointed Engineer Charge joint survey 

right way for the Youngstown Sheet and Tube Company, the Pittsburgh 
and Lake Erie Railroad, and the Baltimore and Ohio Railroad, for the Center 
Street adjustment Youngstown. 

was charge preliminary survey and the tower and 
power line for the Pennsylvania Power Company, from Ellwood, Pa., 
Lowellville, Ohio. 

Mr. Zahniser served Borough Engineer Bessemer and Mercer, Pa., 
and, 1919, was elected County Engineer Roads and Bridges Lawrence 
County, Pennsylvania, for four years. Many important engineering works 
Lawrence and Mercer Counties will stand memorials his skill, 
including concrete bridge unique and beautiful design the highway 
south New Castle. His last work was the grading East Butler Street, 
Mercer, and the planning the intercepting sewer and disposal plant for 
the same place. 

Mr. Zahniser was member the Sons the American Revolution, the 
Solid Comfort Fishing Club, the Lawrence Club, New Castle, and the Delta 
Tau Delta Fraternity. 

died suddenly November 24, 1922, angina pectoris, and sur- 
vived his widow who was Miss Ruth Agnew, Sewickley, Pa., two chil- 
dren, Elizabeth and George Brown, Jr., two sisters, Mrs. Herman Frankel 
and Miss Katherine Zahniser, Mercer, and one brother, Albert Zahniser, 
Philadelphia, Pa. 

Mr. Zahniser was elected Member the American Society Civil Engi- 
neers November 28, 1916. 


GERARDUS HARRISSON, Assoc. Soc. E.* 


24, 1922 


Gerardus Harrisson was born Brooklyn, Y., May 31, 1888. 
received his preliminary training the Brooklyn High Schools and was 
graduated from Cornell University 1910. 
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Although comparatively short, his professional career covered much im- 
portant and responsible work. The first two years, following his graduation 
from college, were spent the employ the American Bridge Company, 
Philadelphia, Pa., and New York City, where acquired solid founda- 
tion structural engineering. this early work, Mr. Harrisson showed the 
sterling characteristics which were manifested his later life. They are 
well described letter received recently from Mr. Spivey, college 
classmate, who was associated with him this time, from which the following 
extracts are quoted: 
“From the start showed marked adaptability for engineering work. 
hours were too long, nor any pace too hard, when was question getting 
out job the time set. Always few minutes ahead the morning Jacok 
and the last man leave night, was the schedule set. With all the was 
energy gave the day’s work, however, was always ready spend 
hours the evening playing the piano guitar for the pleasure those 
about him. fathe 
“Harrisson’s forgetfulness self when there was hard work done has main 
always been outstanding trait. During one very hot season the summer 1847, 
1910, when five six men had been overcome the heat, and the rest 
were delaying very important contract slowing up, Harrisson, even 
though sick, stuck the job until he, too, was prostrated. 
“These traits faithfulness and devotion work, coupled with very explo 
keen mind, have marked Gerardus Harrisson’s whole career.” Leon 
1912, Mr. Harrisson became associated with the firm Henry and 
Goldmark, Consulting Engineers, with which the greater part his subse 
quent work was connected. 
From 1912 1916, Mr. Harrisson was engaged mainly the 
tion the works the Canadian Locomotive Company, Limited, Kingston, ing 
Ont., Canada, extensive plant which was entirely rebuilt and much enlarged. 
occupied important position connection with both the design and river 
the field work. During this time, acquired intimate knowledge the 
numerous branches engineering required the construction industrial 
plants, including not only structural and architectural work, but also the 
design power plants, fire protection, machine equipment, ete. The had 
edge gained this experience formed the basis his later work. 
From 1916 1918, Mr. Harrisson was member the firm 
and Harrisson, Consulting Engineers. this connection, his work included 
the design and construction plant and power extensions for the Lima 
Locomotive Works, Incorporated, and the Lima, Bucyrus, and Springfield 
Plants the Ohio Steel Foundry Company. 
During the last years his life, was engaged private 
Besides other work less importance, had sole charge the design and 1910, 
construction modern foundry plant for the Lima Foundry and 
Company, Lima, Ohio, which was nearly completed the time his death. City 
all this work, Mr. Harrisson manifested the high intellectual 
energy, and practical common sense which had shown his earlier work. peric 
His consideration for others, and his kind and agreeable personality, endeared 
him all with whom came into professional social contact, that his 


passing was serious loss his many friends. 
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Mr. Harrisson was elected Associate Member the American Society 
Civil Engineers January 13, 1919. 


CLARENCE CECIL JACOB, Assoc. Am. Soc. E.* 


Diep 20, 1923. 


Clarence Cecil Jacob, the fifth son Joseph and Helena Ellenora (Gerber) 
Jacob, was born Heber City, Utah, June 1886. His father’s family 
was old Colonial stock, coming originally from Wales, and was characterized 
the sturdy attributes required frontiersmen and pioneers. His grand- 
father, Norton Jacob, was member the band scouts that preceded the 
main body emigrants the settlement the Salt Lake Valley July, 
1847, and his name inscribed the Pioneer Monument Salt Lake City. 
Mr. Jacob’s maternal grandfather was Dr. John Gerber, Berne, Switzerland, 
who attained considerable prominence physician and surgeon, and 
explorer the wilds Western Africa, notably the vicinity Sierra 
Leone, about the time that Dr. David Livingstone began his illustrious service 
that Continent. 

Mr. Jacob’s early education and training were such promote and per- 
petuate the tendencies, shown strongly his forefathers, for exploration, 
research, and scientific study natural phenomena. His experience ranch- 
ing helped prepare him for the tests of-endurance, initiative, and resource- 
fulness that attend exploration and surveys mountain fastnesses and deep 
river gorges. Although carried great responsibility during his early boy- 
hood, attending flocks and herds, his scholastic tendencies were regarded 
handicap these activities, extra pack-horse was required carry his 
books. measure his diligence study may afforded the fact that 
had read the Bible from cover cover before was nine years old; his range 
reading, therefore, naturally widened during later years. 

student the Utah Agricultural College, the Brigham Young Uni- 
versity Provo, Utah, from which was graduated 1909 with the degree 
B., and the University Utah, was distinguished his brilliant 
work, his intense interest athletics and community affairs, and his 
capacity for original research, investigation, classification data, and inter- 
pretation results. received the degree Civil Engineering 
1910, and the degree 1917, from the University Utah. 

During his collegiate training, Mr. Jacob served successively Assistant 
City Engineer Provo, and 1906-07 Engineer for the Utah-Mexican 
Rubber Company, with headquarters Tabasco, Southern Mexico. This ex- 
the Tropics was thereafter fruitful source inspiration for 


literary efforts considerable merit, describing habits, adventures, and life 
the jungles. 
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After receiving his degree 1910, was appointed the Water 
Resources Branch the Geological Survey, which served for several 
years District Engineer for Arizona, including Southern California for part 
this period, with headquarters Phenix, Ariz., and, from 1916 1918, 
was charge the Salt Lake City Office similar capacity. His work 
and the publications which collaborated were characterized their 
thoroughness, faithfulness detail, and the intense interest which com- 
panion absolute mastery one’s subject. 

During his residence Phenix, Mr. Jacob was actively engaged with the 
Arizona National Guard, which rose the rank Captain. When the 
United States entered the World War, 1917, was among the first 
receive commission, qualifying Captain Engineers the first Training 
Camp the Presidio San Francisco, Calif., and acting Instructor 
rifle practice until illness home interrupted his work. This proved 
keen disappointment Mr. Jacob, who made repeated efforts resume his 
military career, but without success. 

1918, was appointed Federal Water Commissioner for the Uinta 
Basin, under the District Court, which position served continu- 
ously and until his untimely death. the field work occupied 
only the irrigation season, was liberty engage other activities during 
the winter, when devoted considerable attention the affairs the con- 
struction firm Christensen, Jacob, and Gardner, Contractors and Engineers, 
which was During the first two years the work this firm was 
hindered greatly the ever increasing cost labor and materials; and was 
during this time that Mr. Jacob’s calm judgment and practical means solv- 
ing difficult problems proved him pillar strength his colleagues. 
served Instructor the University Utah during 1920 and 1921, 
conducting the engineering work Ketchum, Am. Soe. E., during 
the latter’s absence Government projects. 

During the winter 1921-22, Mr. Jacob collaborated with Mr. 
Woolley, the Geological Survey, the preparation paper en- 
titled Supply the Uinta Basin and Its Utilization”, which 
published the Geological Survey. During the winter 1922-23, was 
employed the Reclamation Service assist Engineer Green 
investigations the Provo and Weber Rivers, relative the conservation 
and utilization the flood waters these streams and the construction 
extension canals supplied thereby through Weber, Salt Lake, Utah, and 
Tooele Valleys. This work was interrupted brief illness, which resulted 
operation for appendicitis, and fatal complications. 

example strength character, patience, poise, and courage was 
afforded the last few hours Mr. Jacob’s life when submitting the second 
operation. Although intense pain, was probably the least perturbed 
the family group, and made use his favorite slogan, “It just playing 
the game”. recovering from the asked, “Is there fighting 
chance?”, and being assured that there was, declared, “Then fight but 
the fight has just begun.” 


loss 
ing fie 
practi 
implic 

three 
dev 
the 
analys 
his 
value 
ing 
tions, 
him 
years 

tions 
Feder 
torren 
metho 
Capac 
curve 
curve, 
ential 
which 


existi 
into 


+ 


) 
| 
= 
| 
| 
| 
| 
| 


ater 
everal 
part 
1918, 
work 
their 
com- 


the 
the 
tor 
his 


Uinta 
con- 
neers, 
was 
was 


was 
Green 
and 


sulted 


was 
econd 
aying 
but 


MEMOIR CLARENCE CECIL JACOB 1355 


member the Engineering Profession, and his home district, his 
loss will widely felt and regretted. Apparently just entering ever widen- 
ing fields endeavor, Mr. Jacob was proving his ability, resourcefulness, and 
practical knowledge each step; and had acquired large clientele that 
implicitly entrusted their constructive measures his design and guidance. 

Mr. Jacob was married Miss Florence Johnson 1910, and they had 
three sons and one daughter their family circle. Whenever was possible 
devoted evening hour romp with the children, and would then engage 
the serious studies: History, law, the sciences, philosophy, mathematical 
analysis, and research problems. was able impress his young sons with 
his positive and receptive attitude toward education and achievement, the 
value time, and the need intense application. His thorough understand- 
ing the needs youth proved his success with the Boy Scout organiza- 
tions, and related activities, with which was identified. those who knew 
him best, was most exemplary home life, friendly business relations, 
scientific research, and professional practice, and accomplished results 
that would have satisfied the demands fruitful life, extended for many 
years longer than his. 

Mr. Jacob’s technical writings are characterized their practical applica- 
tions scientific and mathematical analysis. During his employment 
Federal Water Commissioner had occasion derive rating curve for 
torrential mountain stream that would not permit the use the ordinary 
methods measurement, and for this purpose made practical use the 
calculus observing the differential the height water surface caused 
definite increment quantity. This method described his articles 
“Differential Method for Drawing Stream Rating Curves”,* and “Reservoir 
Capacity Curves Without Topographical both these articles, the 
developments are simple and direct make this use the differential 
curve seem obvious and appropriate. His method obtaining the true rating 
curve, the integral the first curve established from the observed data, 
platting the numerical values successive areas contained between the differ- 
ential and the H-axis, only another the practical suggestions 
which his writings abound. article “Field Experiments Practical 
Irrigation Rating which wrote collaboration with others, describes 
practical type measuring device that gaining much favor and displacing 
weirs where either the silt burden heavy the gradient the land served 
slight. was his practice report promptly any subject that might 
professional interest and benefit. 

Mr. Jacob was active various engineering societies, including the Society 
American Military Engineers, the American Association Engineers, and 
others less importance. also served committee the revision 
existing State Water Laws, the main recommendations which were enacted 
into law the Utah State Legislature 1921. 


Engineering News-Record, September 30, 1920, 666. 
Loc. cit., June 1921, 948. 
Loc. cit., March 30, 1922. 
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While purchasing home the instalment plan, became interested 
the derivation general formula that would show the amount any 
time; also the time maturity the contract. derivation such formula 
was found among his unpublished papers, and illustrates practical application 
series. The writer has tested this formula against various amortization 
tables used banks, loan, and real estate companies, and has found that there 
practical confirmation and agreement. 

the passing Clarence Cecil Jacob, the fraternity has lost 
brilliant member, the community one its most exemplary citizens, and the 
Engineering Profession leader exceptional ability and promise future 
achievement. 

Mr. Jacob was elected Associate Member the American Society 
Civil Engineers April 1915. 


EDGAR DAY KNAP, Assoc. Am. E.* 


Diep 27, 1923. 


Edgar Day Knap was born Pittsburgh, Pa., May 31, 1870. was 
the son the late Maj. Joseph Knap, Am. E., who, the Com- 
mander “Knap’s Battery”, was well known during the Civil War, and who 
served Treasurer the Society from 1900 1912, and Sophie Hale 
(Day) Knap, Catskill, When Edgar Day Knap was eight years 
age, his parents moved New York City where was educated the 
Columbia Grammar School and Columbia University, having been graduated 
from the latter the Class 1892. college, specialized Chemistry 
and Electrical Engineering. 

From November, 1892, August, 1893, Mr. Knap was with the Edison 
General Electric Company Schenectady, Y., and from April, 1894, 
March, 1895, the Construction and Maintenance Departments the Metro- 
politan Telephone and Telegraph Company. 

December, 1895, Mr. Knap was appointed the Engineering Staff 
the New East River Bridge (now the Williamsburgh Bridge), and was engaged 
preliminary location, property surveys, and triangulation connection 
with its construction. From April December, 1896, was charge the 
foundation borings for the main towers under Edwin Duryea, Am. Soc. 
E., and the late Freeman, Am. Soc. E., Resident Engineers. 
April, 1897, was appointed Assistant Engineer, charge cement 
inspection and testing, and April, 1899, was placed charge the 
inspection the masonry the New York Anchorage, and the pile-driving 
for the intermediate tower foundations, both New York City and Brooklyn. 
was also charge the construction the grillages and the concrete 
work for the intermediate towers and the erection the steel work for the 
main tower the New York side. Mr. Knap remained with the New York 
City Bridge Department for more than sixteen years. 


Memoir compiled from information file the Headquarters the Society. 
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From 1917, was engaged private practice Consulting 
Engineer New York City and Bridgeport, Conn. 

When the United States entered the World War, went into military 
training and was detailed guard duty the New York Aqueduct during 
the summer 1917. November the same year, received his commis- 
sion Captain Engineers, A., and served Company Commander with 
the 23d Engineers Camp Meade, Md. March, 1918, was obliged 
account ill-health resign his commission the Army, but after two 
months was able overseas with the American Expeditionary Forces 
Field Secretary the Young Men’s Christian Association. 

After his return from France, Mr. Knap went his old home Catskill, 
Y., but for the last two years had lived Toronto, Ont., Canada, where 
died the Wellesley Hospital February 27, 1923. His body was brought 
his home Catskill for burial. 

1904, Mr. Knap was married Miss Helen Gartshore Beemer, the 
daughter Dr. and Mrs. Nelson Henry Beemer, Toronto, Ont., Canada, 
who, with their son, Henry Beemer Knap, brother, Joseph Day Knap, 
New York City, and sister, Miss Mary Knap, Catskill, Y., survives him. 
was member the American Legion, The Military Order the 


World War, the Military Order the Loyal Legion, the Veterans Corps 


Artillery, and the Columbia University Club. 
Mr. Knap was elected Junior the American Society Civil Engineers 
December 1896, and Associate Member December 1900. 


ALAN HYDE GARDNER HARDWICKE, Affiliate, Am. Soc. E.* 
Diep 10, 1922 


Alan Hyde Gardner Hardwicke was born Rotherham, England, Jan- 
uary 28, 1854. was educated the Royal Grammar School, Kings Lynn, 
and afterward studied medicine Glasgow University for two years prior 
1874. 

Mr. Hardwicke came America 1874, landing Philadelphia, Pa., and 
found employment with the Washington Iron Works, Lamar, where 
remained for two years. 

1876, Mr. Hardwicke returned Philadelphia and continued the iron 
business for two years with Morris Tasker and Company, the Pascal Iron 
Works. 1878, was made Manager the Philadelphia Branch the 


Reading Iron Works, which position held for two years. 


1880, went Buffalo, Y., and engaged the manufacture steam 


Pumps, oil-well tools and equipment, and, later, added railroad and engineering 


supplies. continued this business until 1892, when formed the 


Hardwicke and Ware Manufacturing Company, Buffalo, for the manufacture 
hardware and plumbers’ supplies. addition the business Buffalo, 


Memoir prepared Walter McCulloh, Am. Soc. 
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Hardwicke and Ware established hardware store Niagara Falls, 
which was continued for number years. 

From 1900 1904, Mr. Hardwicke was employed with the Niagara Falls 
Power Company, erecting machinery, and putting pumps and piping systems 
Power House No. the completion this work 1905, was made 
Secretary and Employment Manager the Manufacturers Association 
Niagara Falls, Y., which position occupied until the time his death. 

Although Mr. Hardwicke was not engaged engineering during the last 
ten years his life, always manifested his interest the engineering works 
and about his home city, and the affairs the 

1880, was married Miss Etta Ware, Niagara Falls, Y., who, 
with their only son, Dr. Henry Ware Hardwicke, survives him. 

Mr. Hardwicke was genial and courteous gentleman, admired and respected 
all who knew him. was deeply interested Masonic matters, was 
Thirty-third Degree Mason, and filled many the offices Masonic work, 
including membership the Grand Lodge the State New York. 

Mr. Hardwicke was elected Affiliate the American Society Civil 
Engineers June 1884. 


WILLIAM JOHN CHARLES KENYON, Affiliate, Am. Soc. E.* 


Diep Marcu 18, 1923 


William John Charles Kenyon was born sea June 28, 1858, while his 
parents, Andrew Stacpole and Phebe Maria Kenyon, were coming America 
from England. received his education private schools Canada. 

Mr. Kenyon began his professional career 1881, having been engaged 
railroad operation. Four years later, became associated with the Chicago, 
Burlington and Northern Railroad Company and located St. Paul, 
having been engaged the work construction, operation, and management 
traffic. His service with this Company gave him thorough knowledge 
many sides railroad work which was great value him later years. 

From 1897 1907, Mr. Kenyon was employed the construction and 
operation railroad connection with the Union Stock Yards, Omaha, 
Nebr., and was also General Manager Operation the Yards. From July, 
1907, August, 1909, served Vice-President and General Manager 
the Illinois Tunnel Company (Chicago Freight Subway), which controlled 
miles underground electric railway. 

1909 and 1910, Mr. Kenyon was Vice-President George Jackson, 
Incorporated, Chicago, Engineers, Manufacturers, and Contractors, and 
General Manager the Railroad Construction Department. During 1911, 
was engaged making report the properties the Wheeling and Lake 
Erie Railroad Company, and, from 1912 1916, investigating other rail- 
road properties and projects. 


Memoir compiled from information file the Headquarters the Society. 
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was appointed Traffic Commissioner the Chamber Commerce 
St. Joseph, Mo., 1916. His thorough knowledge rate problems and 
management made him particularly valuable man for this position. 
acted his own attorney the many important rate hearings which 
took part, preparing his briefs and exhibits, and was acknowledged authority 
rates. account the fairness his decisions, was highly respected 


both the shipping interests and the carriers, and these interests heartily 


co-operated with him his work. 

Mr. Kenyon was co-inventor the Stolken system automatic, electric 
railway-crossing block signals which were installed the Illinois Tunnel, 
and was also the inventor railroad car derailer and improve- 
ment the telephone. 

was self-educated man; beginning with only Grammar School educa- 
tion, through his love study which was outstanding characteristic, and 
continued application those. subjects which interested him, graduaily 
prepared himself for the responsible positions which held. 

Mr. Kenyon was tireless his work for the advancement the City 
St. Joseph and those who were associated with him, his loss irretrievable. 

survived his widow who was Miss Juliette Augusta Nattinger, 
Ottawa, was member the Presbyterian Church, Thirty-third 
degree Scottish Rite Mason, Knight Templar, and member the Chicago 
Club. 

Mr. Kenyon was elected Affiliate the American Society Civil 
Engineers May 31, 1910. 


MERRILL WATSON, Affiliate, Am. Soc. E.* 


Diep 22, 1923 


Merrill Watson was born Ohio, June 1851. After receiv- 
ing his preliminary education, entered college and was graduated from Ohio 
Wesleyan University with the degree 1873. 

From 1873 1875, was Reporter for the Ohio State ournal, 
Columbus, Ohio, and from 1875 1878, held the position City Editor 
the Cleveland Herald, Cleveland, Ohio. 

Mr. Watson was Managing Editor The Age Steel and the St. Louis 
Lumberman, St. Louis, Mo., from 1878 1887, and from 1887 1892, 
was President the St. Louis Expanded Metal Company St. Louis. From 
1892 1895, was employed Sales Agent Chicago, representing 
several manufacturers expanded metal, reinforcing products, ete. 

During the period the World’s Fair Mr. Watson served Acting 
Commissioner charge the exhibit the Korean Government. From 
1895 1910, was employed General Manager the New York Office 
the Consolidated Expanded Metal Companies, and from 1910 1915, served 
President the Watson Engineering Company which was engaged con- 


compiled from information file the Headquarters the Society. 
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building construction. From 1915 1922, Mr. Watson was Sales Agent 
New York City, representing several manufacturers concrete 
concrete machinery, building materials, etc. 1923, became General 
Manager and Treasurer the American Fibre Cooperage Company, Incor- 
porated, which position held the time his death. 

Through his association with manufacturers the various expanded metal 
products, Mr. Watson was one the pioneers the development reinforced 
concrete, and took active part the organization and development the 
American Concrete Institute. 

Mr. Watson was elected Affiliate the American Society Civil 
Engineers October 1902 
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